




The 'l»[A'NiJFACTURE oil ACI^)S ^ND ALKALIS 
By George Eunge, Ph.D., Dr-Ing.”*^ • ' 

,Emeritt& ]>rofesso% of Technical Chemistry,'Zurich. 

• * 

• * ^ ^ 

Completely Revised^nd Reltrl/ten uimei' the Editorship of 

ALEXANDER CHARLES GUMMING 

O.B.E., n.Sc; E.r.c. 


VOLUME I 

Raw Materials for the Manufacture of 
Sulphuric Acid and Sulphilr Dioxide 




RAW MATERI*A‘L3‘.*’‘F0;\. 
lyWE ^ANUFA'CTURrE OF 

SULPriURIG -Acm 

* > -** • 

* ' AND THE 

. MANyPACTURE-OF 

SULPHUR DIOXIDE 


WILFRID WYLD 

(.ONbUI. 1 JNO. fuFMIbl • 

KOBMKRtY GHNI'KM, 'I KCHNK'Ar. MANAGhH OR M»*5SRS NI^lol SON AND .SONS, Ll'I). • 
KORMhRtY CHIFK KNGINf'FK 0^ MI-J>‘I<S nnoTHI-RION AND CO. I Tl). 
l-ORNnKI.y MCNAGKR IHF DHA.vAMSJ MOHVHJl CHtMICAt CO., I TO., IJoM U W 




P. 




'Sure 


fcURN^EY*AND JACKSON ^ 
LL)iN»D ® V 3 3 P A T EN d*S T£ li JR O *W 
EDINBURGH* TWKEI^DAEE COURT ' 
19^3, 



>-kINTKl', IN CjKRAT. HIMTAIN ttV 
OUVRR i.NI> BOYD, EDINpUKCiH 



EDITOR’S PREFACE 

The first Englislv edition of Lunge’s Sulphuric Acid and 
A/ha/i appeared in 1879. Since that date the boolc ha* been 
revised and extended in subsequent editions until, with the 
companion volumes on Coal Tar (ind Ammonia, it extended 
to nine volumes, covering most of the heavy ciiemical industries’ 
of Britain. A supplementary volume on Sulphuric and Nitric 
Acids by Dr Lunge in 1917 marked the end of his long labours 
in this field, and he informed the publishers that he could no 
longer undertake the preparation of new ec^itions. The mere 
compilation of the volumes which he wrote would be in itself 
a wonderful achievement, but Dr Lunge’s place in* the history 

chemical industry is due still more to the fact ^hjt he 
playe(? a leading part in th* discoveries and iriTprovements 
which built up the industries of which he wrote. 

By a curious coincidence, ^thfe end of Dr Lurtge’s long 
literary labours came ^'ust as the processes which he originally 
described died out. Thf^ Hargjeaves process has gone, i^^this 
country at feast; the Leblanc process is dying, if not actually 
dead already ; even the chamber pfocess for sulphuric acid I*is 
now a*competitor that threatens to become aj-ival. 

The volumes written hf IJt^Lunge hafeVseapei a common 
criticism of factory man^erS that*,l 5 ooks gi\y onl>»an outline 
of a manufacturing pro^iess indeed, tRe o*nly criHcism has been 
that Dr gunge’s bo^ks gave almost too much detail. It^maj.; 
however, !)(• rtaliSed %ow impirtjnt i| a detail rt^sUing to^ a 
matte? involving a possible savung'of nfily one-tenth of one* pel 
cenR, jiMheni it. is pointed out that^ this sei^W ecoftomji in the 
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manufacture of sulphuric atid would mean a sayng^of thousands 
of pounds, since tlje value of the sul^fiuric acid'^napufactured 
annually in Great Britvin alon® amounts to several million 
pounds. ' « 

Each new edition of this series has been- -expansion 
jjnd extension of ,that which preceded it, fuller treatment 
being accorded to subsidiary manutactures as they increased 
in commercial importance, until the name Sulphuric Acid 
and Alkali became a cover for what was practically an 
encyclopedia of the heavy chemical industa'es. 

, 'Tiw' last arrangement into volumes and parts was largely 
fortuitous, having arisen from uneven growth of knowledge 
and commercial development in different branches; and as 
•this appeared to ,be a favourable opportunity for instituting 
a new arrangement, it was decided to subdivide the work 
into sections more in accord with modern developments. The 
last few years have brought with them many changes in the 
chemical industries, and the revision required in most of the 
volumes has involved such drastic recasting that the new edition 
will be more a new book than a revised edition. 

It is doubtful if any one man could take up Dr Lungejs 
task of describing adequately ^11 the industries now'^ dealt 
with in these volumes, and it is certain that few would care 
to attemp*: it. Each volume will therefore be on a special 
subject and dealt with by a separate author, who is respon- 
^ble,for that volume, and is given p. wide discretion*m his 
'treatment ojf the subje'et. 

It is hoped that these lunited efforts, will produce a new 
edition worthy of rtie, great tradition which' Dr Lunge has 

established.. ,< •' * ' 

. . ' ' 

* The edjtor wijl be pleated to consider for publication in 
this series any manuscripts or 'original work, on this, or allied 
4^bjscts. ‘ ' ' f 

h. crc. 


iMarch 1923. 
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The last edition of Lunge appeared in the year 1913, and his 

supplementary volume a few years later. 

Since that period, however, many chtinges and advances 
have been made^n the methods of construction of plant and 
in the process of manufacture, and new inventiotw; have b^en 
brought out, .so that no apology is needed for another edition 
of so important a work. ^ 

The task of revising Dr Lunge’s treat^-se has been a for¬ 
midable one, and I trust the reader will c.xcuse the errors and 
omissions inevitable when dealing with .so vast a subject. 

Free use has been made of Dr Lunge’s very important 
investigations on the theory of the various^ reactions appertain¬ 
ing to this manufacture. 

New matter has been introduced in relation to the disposal 
of the by-products, mechanical furnaces, etc., together with 
man^ new illustrations. , , 

I have thought it inadvisable to give many details of the 
cost of production and erection* of plant, for at this period of 
transition from War to Peace the markets fluctuate from week 
to v^bek, and any such figures would be of little value. ^ 

ifnle.s* otherwise mentioned, all femperaturgs throfigho'ut 
this volume are or^the Centigrad* scale. ^ 

• * ■ W. W. 

Leeds, February 192 f 
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manufacture of 53 
Flue-dust, compiRition of, 484 
Fluoride* m sulphuric acid, 224 
Fnltcl^ process of sulphur produc¬ 
tion, 29 

Fumes from acid-works, 151 . 

Furnaces for briquettes, 496 

• 

Gas-voi.umetkk, 295 • 

Gill kilrtj, 28 

Gypsum a;, source gf^ulphur, 47 

HAR^Is/urnace, 376 
flegeler furnace, 402 
Herreshoff furifiice, 377 
Hydrogen sulphide source of •sul¬ 
phur, 43 . 

• Iron alloys, acid-resisting, 242 
665 
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Jaw crusbers for pyrites, 319 

Kaufkmann furnace, 388 
Kilns for briquettes, 496 

. Leachin(; of cinders, 514, 519 
Load, action of sulphuric acid on, 
224 

chemical, 224 
effect of impurities, 226 
influence of, on specific gravity, 
' 207 

Parkes, 231 
testing of, 225 

Lead chambers, introduction of, 4 
Lead ores, smelting of, 414 
Lead sulphate, solubility of, in sul¬ 
phuric acid, 207 

Lcatiicr-tanning,u5c of sulphur for, 57 

M‘Dou(:ai, furnace, 367 
Magnetic pyrites, 71 
Mansfield granulator, 324 
Marcasite, 69 

Mechanical burners for pyrites, 367 
Mercury, occurrence in blendes, 131 
Monohydrated sulphuric acid. See 
under Sulphuric acid, pure 

NlCKEf,, occurrence in pyrites, 72 
Nitre, direct use of nitre for cliam- 
bers, 162 
Nitre-oven, 157 

Nitric acid, use of liquid, for cham¬ 
bers, 160 

Nitric oxide, absorption by vitriol, 
251 

properties of, 250 

Nitrogen oxides, supply to the cham¬ 
bers, 156 

for chambers obtained from am¬ 
monia, 160 

Nitrogen peroxide, 2O0 
Nitrogen trioxide, 253 
Nitrometer, use of, 292 
Nitrosyl-sulphuric acid, 255, 26j 
Nitrous acid, 252 

Nitrous gases obtained af by-pro¬ 
ducts fed to,chambers, 165 
Nitrous oxide, propeties of, 250 
Nitrbus vitriol, analysis of, 300 
< properties of, 266 
Noxious vapour containing sulphur, 

149 

Oxidation of ammonia to obt-in 
nitrogen oxides, 166 


Oxygef. in burner-gases, estimation 
of, 479 ' 

Pnvsioi.oGiCAl, actioi.i of sulphur 
dioxide, 183 
“ Plastic” sulphur, 57 
Potting process of supply nitric acid, 
'57 . 

Price of pyrites, 97 
Pyrites, analyses of, 76 ct seq. ''' 
analysis of, 98 
as source of sulphur, 36 
calorific value of. 73 
commercial, 68 
crushers, 319 

estiniafion of arsenic in, 112 
estimation of cai,ron in, 112 
estimation of copper in, 119 
estimation of iron in, 122 
estimation of lead in, 122 
estimation of selenium in, iiS 
estimation of zinc in, 117 
explosive, 339 
moisture in, 99 
price of, 97 
sources of, 76 
statistics rel.itiiig to, 76 
“useful sulphur” in, 97 
Pyrites-burners, Harris ftirnac., 376 
llerrcshoff furnace, 377 
Kauffiiiann furnace, 388 
Ramen furnace, 369 
Ridge furnace, 373 
Thorba furnace, 381 
Wedge furnace, 383 
Pyntcs-buriieis, for lumps, 326 
for smalls, 352 
mechanical, 367 
working of, 341 
Pyrites-kilns, 326 
Pyrites-smalls, burning of, 352 
Pyrrotite, 71 

Ram ifN furnace, 369 
Ramen & lleskow c'liloridising fur¬ 
nace, 508 

Refining of sulphur, 53 
Kegiilus metal, 225 
Ridge furnace, 373 
Roll mills for pyrites, 223 

■Seleniiim in sulphur, estimation of, 

^5 . . , 

Selenium in sulphuric acid, estima¬ 
tion of, ?86 

Selenium, recovery from chamber 
deposit, 487 
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er recovery, 526 • 

“ItiTig fu^cs, iftilisatlOH 01, 4 * 
lum siB^ate, utilisation of, 534 
cific gravRies of sulphuric acid, 
20'^ 

;nt oxide *s source of sulphur, 34 
;nt oxide, hurners for, 418 
;nt oxide from gasworks, 137 
nalysis of, 139 

onipositTofl of, 13® 

ifhipling of, 

irlet furnace, 401 

tistics of sulphjr production, 20 

aistics relating to pyrites, 76 

itistics felating to zinc-blende, 133 

iraae of sulphuric acid in cast-iron 

v«scls, 239* ^ 

Iphites as source of sulphur, 45 
Iphur, allotropic modifications ol, 

'4 

boiling-point of, to 
:h#mical compounds of, id 
colloidal, 12 

commercial forms of, to ^ 

estinmtion of impurities in, 60 

from alkaline earth sulphides, 46 

from copper-pyiites, 143 

from gf^isum, 47 

from hydrogen sulphide, 43 - '42 

from kiescritc, 46 • 

from Leblanc alkali-waste, 142 

from pyrites, 36 

from spdfct oxide, 34 

from smelting fumes, 41 

^rom sulphates, 4 ^ 

from sulphites, 45 

from sulphur dioxide, 29 

heat of combustion of, " , 

manufacture of commercial, 28 

molecular com))le»ity of, 9 

datural occurrence of, 20 

properties of, 8 

refining of, 53 

solubility of, § 

statistic* of production, 20 

uses of, I? 

vapour pressures of, 1 1 , 

vdgjjtable physiological action of, 

17 

iriscous, 10 I 
•Volatility of, 9 , 

Sulpflur burner?, cooling gjs from, 

318 

Hinzke’s, 3»9 

Humphries^ 309 , > , 

Quftnsferry, 307 
rasidue from, 3'8 


w • 

Sulphur burners (could)—1 
temperatu* in, 317 
• various, 3*0 

Sulphur -dioxide, action on metals, 

179 

as source of sulphur, 29 • 

cariiage of, 43d • 

) density off 178 

density of solutions of, i 79 
detection of, 184 
estimation of, 185 ^ 

flues for, 439 , 

formation of, 177 
heat of formatiTin of, 178 
interaction with ammonia, 18, 
interaction wjth oxygen, 179 
manufacture of, 306 
preparation of luiuid, 432 
properties of, 17b 
solubility 111 alcohol, 182 
solubility in sulphuric acid, 208 
solubility of, 180 
specific heat, 177 
uses of, 190, 437 , 

Sulphur sescpiioxide, properties of, 

I 7 d ■ r . 

Sulphur trioxirlc, properties of, 191 
formation of, 193 • 

heat of formation, 193 
modifications of, 192 
specific gravity of liMU^l, '93 
Sulphuretted hydrogen as source of 
sulphuif 142 , 

Sulphurettcrl hydrogen, burners for, 
4»2 

Sulphuric acid, action on cast non, 

239 

action on metals, 222 
action on steel ,^43 
analysis of, 274 
afuieoifi tension of, 213 
ciTenftcal reactions of, 221 
decompositions of, 220 
densities of, 203 
frec/ing-points of, 211 
hSt of dilution of, 218 ^ 
historical notes, 3 
hydrates of, ig 6 „ 

influence of impur)ties,'2oS 

' meljing-poinfjof, 211 

monohydrate of, 1 96 
physiological jiction of, 219 
properties of, 198 
specific gravities o^ 203 
specific heabof, 217 
'jscosity of, 216 
' volatilisation of, 212 
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&•llphurlc^. acid, pure, formation of, 
195 • ■ . 

heat of fortnation of, 195 f 

propel tics of, 194 
specific gravity of, 194 

Sulphuric anhydride. See Sulphur 
trioxide 

Sulphurous acid, formation of, 180 . 

density of, 182 

Sulphurous anhydride. See under 

** Sulphur dioxide 

TEMPERAfunE, effect on specific 
gravity, 206 

Thallium, recovery from flue-dust, 

" 487 

Thiogen process, 41 


Thorbi-. furnace, 381 
Twaddell degrees, ( elatii n to specific 
gravities, 201 ’ 

«) 

Vegetation, action of sulphur on, 
‘7 

action of sulphur d'-ixide on, 148, 

183 

Wedge furnace, 383 

Zinc-blende, 125 
analysis of, 126 
furnaces for, 396 
statistics relating to, 133 
Zinc recovery, 529 


THE END 
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CHAPTER V 


BY-VRODUCTS>*! THE MANUFACTURE OF SUU’HURIC ACID 

The extraction of the metals contained in the cuprous 
cinders is of importance, and vve shall now deal with this 
subject in detail. 

j From non-cuprous pyrites cinders, recovery of metals 
3ther "tlmn iron is rarely attempted. Non-cuprous cinders 
itontaining usually over 2 per cent, of sulphur are not suitable 
br the manufacture of iron unless mixed with a^ larger 
proportion of better class of«ore, such as the “purple ore” 
pfitained from the cuprous cinders after wet extraction of the 
lopper, or after briquetting or sintering, as described lower, 
f Attempts to employ the cinders of “ smalls ” j^yrites fail 
pnlcss they are conglomerated, as otherwyse the fine (Kffticles 
blown out of the blast furnace. 

‘ I. Disposal of th« Cinders. 

, a. Briquetting. 

Various patents have been taken out during the past thirty 
ears, in w^iich it is suggested to ^dmix clay, tar, peat, or 
mestone, but in'T^ngland such admixtures are rarely, if ^ver, 
sed.’ 

The* possibility of making briquettes without a biij^cr*was 
town by Henry Bird (B. P. 10420 of 189*1). When 
rountl in a Chilian mill the,mass became as plastic as clay, 
i was thfen filled into moulds and dried, and the briquettes 
irned without iKsintegrating. On this line the first briquetting 
rnace wa^ built airDwacaster, EnglaniJ. 

* See Lunge’s fourth edition, p. 1457 seq. 
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The cause of this plasticity when grinding .might be that 
part of the iron oxide was in a colloidal state, and constantly 
retained water. Bird found that about 17 per cent, moisture 
in the purple ore was necessary for briquetting (see infra). 
The discovery that roasted ore can be briqut tted without any 
other binder than water is therefore due to Bird. Grdndal and 
Dellvik found in 1896 that moistened ore dust from a stamp- 
mill .-ould be pressed into briquettes, which after burning became 
v^ry solid, showing that iron-ore acted in die same way as 
purple ore. 

Ramen' states that the fundamental po’- L of great im¬ 
portance which is often overlooked is the deleterious effect of 
the binder used in making the briquettes. The iron content of 
the ore being lowered, the cost of production per ton of metal 
is increased, whether the binder is of acid or neutral character. 
Attention has to be paid not only to the cost of the slagging 
of these binders, which is a matter of considerable irrpc tance, 
but also to the fact that the quantity of iron produced per 
unit weight of briquettes is reduced in a corresponding degree. 
In contrast with this, the cost of producing pig-'ron from a 
briquette made without a binder entails a saving of coal, afid 
gives a greater output, and the commercial aspects of the 
smelting operations are improved correspondingly. 

Ir. Swedish furnaces using charcoal it has been proved 
that by smelting briquettes, which are easily reduced, an 
increased output and a considerable saving in fuel have resulted. 
With regard to blast-furnaces using coke, an experiment has 
recently been made at a German plant. In this experiment 
2000 tons of purpleore briquettes from Helsingborg’s copper 
plant were smelted with coke in a blast-furnace, and the 
experience gained by the Swedish furnaces was fully verified. 
Thi- test showed r considerable reduction in the coke con¬ 
sumption as well as an increase in the output of pig-iron, also 
an increase of 25 to 30 per cent, in the capacity of the furnace. 
The saving in coke amounted to 8 per cent., and would be still 
higher in the case of a more regular operation during a longer 
period. When figuring the saving which accrues from smelting 
briqueti.es of good quality, as against smelting unbriquetted ore, 

* Lecture given at the n.eeting of the Verein Deutscher Eisenhiitteleute, 
1st Dece.nber 1912. 
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one has, of course, to consider the higher price of the briquettes. 
As the blast-furnace man, in most cases, is able to make his 
own comparative calculation, it is evident that this higher price 
is being paid .because of some advantages being connected with 
smelting of these? briquettes. • * 

Attention should be drawn to the fact that only a si»all 
propoi'^on of the briquettes now made answers the above¬ 
given requirements. Amongst the good briquettes are^^hose 
made in furnaces of the tunnel type. These not* only ansviter 
the*physical but also the chemical and metallurgical require¬ 
ments, as thc^^ontain no detrimental constituents, such as 
sulphur, and arc also free from any binder. The briquettes 
arc, moreover, characterised by being easily reduced and by 
their uniform composition. In the table below a number of 
analyses are given, made in connection with large - scale 
operations, showing the composition of the briquettes, their 
percentage of ferric and ferrous o.xide of iron as well as the 
percentage of sulphur in the purple ore. Two per cent, of 
sulphur in J:he ore can be reduced as low as 0-09 per-cent, in 
the finished briquettes without interfering with their other 
good qualitie.s. 


% 

Tons of 

•Sulphur 
in jmrple 
ore. 


*Iii britjufires. 

iron ore. 

bnqu«tt4's 
in 24 
hours. 

Sulphur lu 
bniiuettcs. 

• 

Total iion. 

lion fis * 
Icirous 

Iron as 
let 1 ic 
ovule. 



Per cent. 

r^r cent. 

iVr cent. 

Per ceiH. 

Per cent. 

Silitelma (purj)le ore) 

w 

0.15 

0*03 

tfl-Ho 

i '.?5 

6o-4S 

Fol(laIe% (purple ore) 

72 

C -26 

0 02 

. 6oai3 

0*70 

59-73 

Rio Tinto (purple ore) 

72 

0-25 

0.06 

64-38 

0*90 

63-48 

Pomaron (])urplc ore) 

72 

0*32 

0-02 

61-98 

c-75 

61-23 

Orkla (purple ore) 
Bisniarckhultif (Rio. 

72 


0.055 

• 

62.98 

1-05 

61-93 

Tinto ore residues) . 
BismarckhiUtc (zinc- 

. 60 

2*22 

0-039 

, 64'54 

1-05 

(^-29 

ore residues) . 

• 

60 

2*o6 

0*087 

_ i-- 

52*20 

1*00 

_ J 

51-20 

• 


"fi^icse good results were secured‘in laiige-scale operations 
with briqjiettes made 'rom •magnetic ore, purple ore, and pyrit««^» 
cinders, limonitg, and siderite. One can therefore say that • 
the above conclusions regarding the manufacture of briquettes 
from iron-trres containing 50 per cent, of iron, or over, are 

justifigd, and most metallurgists acknowledge the advantage, 

• • 
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claimed for this briquetting process and the benefits derived 
from it. 

The ordinary purple ore obtained from the sulphuric acid 
works can usually be made into briquettes fey ,a pressure of 

2 to 10 tons pel square inch, 2 tons being usualfy sufficient. 

„ The sizes of briquettes vary in the different machines, and 
are 6 in. x 6 in. x 3 in. ; 10 in. X 5 in. x 3J in.; or 7 in. X 7 in. X 

3 ii:. „ 

,, The follo ving conditions of the burned briquette should be 
attained :— 

(rt) When , dropped from a height of ft. on a hard 
surface, the bricks should not break into dust. 

(/)) They should resist a temperature of about 900° without 
disintegrating. 

(c) The porosity should be such that the carbon monoxide 
of the furnace-gas can easily penetrate the mass. 

{(f) Tliey should withstand the action of watlr “for a 
reasonable time without disintegrating. 

{e) Jhey should resist the action of the steam usually 
present in the blast-furnace. 1 

(/) If a binder be used, it must not contain such quantity 
of objectionable material as would be prejudicial to the quality 
of the iroii. 

{^^j '’’he cost of p'-oduction should be less than the increased 
value of the resultant product. * 

(//) The sulphur content should not c.xceed OM 5 per cent. 
In tha briquetting of ores, especially those of a fine nature, 
such as dust, it is, very important that the moisture content be 
correct, and also that ‘She air contained in the ore be eliminated, 
, which is effected by applying the pressure slowly and some¬ 
times in two separate stagUs. c 

Iti many cases it*is advisable, before passing the ore through 
the presses, to mix the material thoroughly in pug or edge 
runner fnills, in orUer to prepare an ore of uniform 
composition. • • , 

ruuB Ramdn says {ibid.) from his etrperience at Ilejsingborg 
Kopparverk: “ The explanation of the f^ct that better 
briqiyjtfes are made in a compression gre^s is that this works 
slower. The air in the ore has not time to escape ^'hen using 
the blow from a falling weight. During the blow the*air is 
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compressed, avd w^en the pressure is released by the rebound 
of the hammer the air expands, .causing the formation of 
cracks and lessening the adhesion in the mass, so that they do 
not stand subsequent handling. If a sufficient pressure and 
adequate mofstiJre are u.sed when cnaking the briquettes, the 
formation of cracks can be altogether avoided and very string 
briquettes produced.” 

From experience on the Continent and in EnglanB, the 
maximum moislufe content has been found to be »i 7 per ceftt. 

•A well-made briquette, when placed on edge, should 
support the vlS'ig^ht of a man. Another goo(J test is, that ’ 
when the bricks are stacked 6 ft. high, the lower courses 
should not crumble. 


Types of Presses. 

There are very many types of briquette presses on the market, 
and menUon need only be made of the following:— 

Bradley & Craven, Ltd., Wakefield, produce a machine of 
the horizontal table type, the briquette being pressed from 
both sides simultaneously. • 

• The press of T. C. Fawcett, Ltd., Leeds, has a cylinder 
fitted with four moulds arranged symmetrically about its 
circumference and rotated by suitable pawk- gear^ to bring 
each mould successively into the required position for filling, 
pressing, and extraction of the briquetfe. The ca^city of 
this machine is about 50 tons per ten-hour shift. 

The machine of Sutcliffe, Speakman & Co., Ltd., of Leigh, 
is also designed to press the briquettes frg>m both Sdes, and 
at the same time to relieve the frame cnyrely from the greater 
stresses due to the operation. 

Johnson, Ltd., of Leeds, make a machine which has given • 
great satisfaction.’ ^ 

Drying. 

Wh8n the bricks are to be placed^in the ordinary Shaffbrd- 
shire brick-kilns, it is necessary to cWy thgm previously, and 
this can be accomplished ^y passing the bogies, carrying thetj]^,, 
from the presses, into tunnel-shaped flues heated by the waste 
heat from the kflns, or by exhaust-steam pipes laid th# length 
of the tun«el. Tl^re^ire ovens in ute exceeding i 50 tt. in 
lengthy They are 6 ft. wide by 6 ft. high. 
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Furnaces. 

In the ease of the continuous type of briquette-kiln it is, 
however, not necessary to dry the briquettes before burning. 
Anderson appears to be • the first inventoi to use tunnel 
furnaces (U.S.A. F. 379927 of 1888). The Grbndal process 
has been widely adopted, and is probably able to treat,almost 
any ore which can be compressed sufficiently solid to with¬ 
stand the subsequent handling. 

When treating pyrites residues in the mechanical furna'les, 
the action of the acid gases on the cars and Ihc walls of the 
kilns is very serious, and it is important to keep this in mind 
when deciding upon the type of furnace to be installed. 
Generally, tunnel furnaces consist of a number of trucks 
running on a track in a lower channel, and having their side 
edges plunging into .sand-grooves, thus separating the upper 
and lower channels from each other. 

The combustion-chamber has to be provided with a steady 
hot andj oxidising flame, which is preferably effected by intro¬ 
ducing pre-heated air and gas, under pressure through suitable 
nozzles. The usual drawback is that the brick lining on tfie 
top of the cars has a tendency to crack from the repeated 
heating and cooling, and to fall off when the iron side-plates 
for ke..y'ng the bricks in position have been burnt away, which 
cairscs high costs for repairs and frequent closing down of the 
plant. 

Ramen (B. P. 20240 of -1910, and 4386 of 1912) describes 
an ingenious arrangement for overcoming the difficulties cited. 
He arranges the tunnel above the cars, considerably narrower 
than the cars, so that there are projecting parts of the brick¬ 
work adjacent, and such' portions may be carrie I on water- 
cooled iron boxes, sliown in Figs. 70 and 71 below. 

He has patented a tunnel kiln or furnace with a movable 
hearth in )vhich the cooling-chamber is connected to the 
combustion-chamber by' one or more channels which^ may 
>^0 water-cooled, and which receive pipes for the introduction 
of gas or air, which may be pre-heated. These pipes are 
adju^taole and water-cooled, and arranged in the channels in 
such manner as to act «s injectors, iff'order to dr<rw air from 
,, the cooling-chamber into the combustion-chamber, mix 
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the same sintultaneously with the combustible gas introduced 
through the said or other pipes, and also to regulate the intro¬ 
duction of air ower the whole width of the furnace. 

A special; advantage in this construction jDf the tunnel is, 
that it allows an even distribution of the gas and air, resulting 
in a uniform burning of the briquettes. This arrangement 
make? it possible to use kilns of large dimensions, jtp to • 
3 metres in widtlj. One such tunnel has a capacity of* up to 
100 tons of briquettes per twenty-four hour.s. * * 

The use q^extending side-walls allows the sides of the cars 
to be well protected. The Ramdn cars are bifllt with a body 
made of a mass cast between the iron side-frames, the ends 










^10. 70. 

Fjn. 71. * 

• 

• 




being protected by briquettes. This manner of construction 
gives the cjis a much longer life than when m^dc of the 
narrower type, where the sides of the cars are more directly 
exposed to the heat. Ramdn has invented an ttigenious 
arrangement for unloading the briquettes mechanically without 
spoiling the fireproof body of the cars. This was not possible 
with the old cars, as the firebrick Ifning thiyeby was Sestroyed. 
The rqpchanical unloading is carried oyt \\*ith the aid of an 
electrical locomotive, provided with a platform for the briquette 
car, also a table which can be lifted and tipped to either side.* 
The briquefte car is placed on the platform, #ind then tak|n to 
an arrangement wfiich scrapes the briquettes over the table. 
This t^ble is then tipped over, dumping the briquette^ into a 
bucket, car, or other suitable carrier. • 

According to Ramdn (B. P. 134387, fq’ig), moulds con¬ 
taining l^e briquetted r^aterial in a more ot» less liquffl" 
condition are igtroduced into a furnace, dried by njeans of 
the furnace-gases, t*'e ijpoulds turned over by magnets or ether 
devices, then removed from the furnace, leaving the tp-iquette 
within»to be burnt. 
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b.. Sintering. 

In order to avoid the cost of briquetting, attempts have 
recently bqen made to agglomerate the fine-grained ore in 
rotary and other types of kilns, and with considerable success ; 
and"" plants dealing with 4000 tons and upwards of material 
per \yeek are now at work. The fine-grained ore is * 1 mixed 
with coke-dust and heated by producer-gas or oil-flame. 

' The D-wi^ht Lloyd process is fully described in Iron Age, 
vol. Ixxxviii., p. 422. The machine consists of a travelling band 
of fire-bars upon which the material is spread' automatically 
from a hopper. Blast-furnace gas, or other heating medium, 
is supplied in order to ignite the combustible matter added, 
and in a very short travel the mass forms in nodules or 
sinters, and is in a very convenient form for transport and 
subsequent use in the blast-furnace.s. 

The Greenwalt system (B. P. 14805 of 1912) appears tb have 
found favour in America, but plants have been erected in this 
country, and there are installations actually at work, The mix¬ 
ture of ore and fuel, suitably moistened, is fed by an overhead 
charging car to give a layer of correct depth, on a grate surface 
suitably protected by crushed lime.stone. After thy charge is in 
position, tlie pan is enclosed with a cover on which is attached 
the hea.;!ng device, \/hich consists of an oil-burner. Suction 
is applied by a fan giving 20 in. suction, and the charge 
is said to be completely sintered in 25 min. The pan which 
contains' the grate-bars is* fitted with trunnions to facilitate 
discharge of the shitered material. After the cover is removed, 
the contents are dropped upon breaking - bars by simply 
revolving the pan on its trunnions. The dusty particles 
formed by the above procedure are returned agaif.; anything 
above j-in. mesh ne'bd not, however, be rejected. The average 
size of the sinters would be about 3 in. For a plant^ to deal 
with 20*6 tens daily, thirteen men are necessary, and the cost 
of fuel, labour, etc.',' is said to be far below that of briquetting. 

' In the making of agglomerate's for srrielting from finely 
divided^ orcs, flue-dust, and other residues, K. Epdell' states that 
the aim should be to produce a body which is porous and 

^ MepiU u. Ers, 1921, 18, 163-177; /. .S'. Chem. Ind., 1921, 
p 304A. 
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mechanically*strong at 1000°, has the greatest possible surface, 
and requires the minimum of fuel fn the subsequent smelting 
process. Sintying of the mass is usually brought about either 
by an increase in the grain size of one or more^of the con¬ 
stituents, with Consequent intercr^stallisation* of the particles, 
in most cases accompanied by an increase in the specific 
gravity, or'by reactions between the solid constituents of the 
mass resulting in an evolution of heat and partial fusioo of the 
particles, or in \he formation throughout the mass of inrter- 
loJlccd crystals of a new compound. The course of the 
changes that tai*e place during sintering may •be followed by 
the construction of a heating curve and by direct observation 
through a microscope in conjunction with a small electric 
heating furnace fitted with a thermo-couple. Such an instru¬ 
ment is described in the paper in detail, together with some 
results obtained by its use. 

IVt. Cfhedras ' completely dues the burnt cinders, then almost 
frees them from sulphur, and agglomerates in a continuous furnace 
of the Breyill^ typC) heated by lignite gas or blast-furr^ce gas ; 
in this way the percentage oi sulphur is reduced from 2-3 to 
O’1-0-2, and the resulting product is hard yet highly permeable 
to gases. After introduction into an electric {urnace and treat¬ 
ment with (fry calcium chloride, the resultant iron only contains 


ii to 0-03 per cent, of sulphur. 

• 

0 

Pyrites-cinders produced: 

1017 . 

1018 . 

Cuprous ...... 


386,000 

Non-cuprous • 

609,000 

^0,000 

^ ’Total . 

Pyrites-cinders delivered for use in blast 
furnaces— 

From C(^per extraction plants : 

^609^000 

• 

516,000 

Bric[uettC 3 *..... 

2^8,000 

208,000 

“ Blue Billy ”. 

272,000 

21 1,000 

•• • 

Mon-cuprous pyr.tcs-cinders deliver«l 

480,000 

• • 

- 

• 419,000 

direct to iroflworks . • T 

45,000 

, 66,000 

Toftd to ironworks . 

525,000 

48^,000 


1 Giom. Chim. Ind., Appl. 1921, 3, 58-61 ; J. Soc. Chem. Ifui., 1921, 
p. 261^. . . , 
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According to H. J. Bailey,* the foregoing table gives the 
production and use of pyrites-cinders in the United Kingdom 
during the year 1917-1918. 

Cinders from non-cuprous pyrites have been used as ballast 
for making roads, for absorption of sulphurettiJd hydrogen, for 
manufacture of copperas, ferric chloride, and the like ; for de¬ 
composition of sulphides, for paint, and many other purposes.^ 

II. Eistraction of Copper from Pyrites-cinders. 

This process is rarely carried out in the sy/.filer factories, 
but there is no reason why those firms dealing with 40 tons of 
cinders daily should not do so, for by so doing considerable 
transport charges are saved. 

One of the largest pyrites-mining companies, the Tharsis 
Sulphur & Copper Extracting Co., supplies its ore to the 
consumers only on condition of returning the burnt r^nd/^rs to 
their works. Their mines in South Spain generally forward 
the pyrites direct to the consumer, and the cinders are returned 
to the company’s works at Glas^fow, Cardiff, Willin^ton Quay, 
or Hebburn-on-Tyne; the last works smelt the precipitate 
produced at the other works. Similar arrangements are also 
carried out by the Rhenish manufacturers. ' 

Thi^percentage of copper in the ores is generally low, rarely 
above 4 'per cent, so that its e.xtraction by smelting >would 
hardly pay. In any case, the sulphur would have to be burned 
and the sulphur dioxide conveyed into the lead-chambers for 
the manufacture of oulphuric acid. 

Since 1865 th^ usyal method of extracting copper has been 
by the wet way, and the process as carried out at the present 
‘time will be described bel^w. The precipitation ofj^^ the copper 
by nretallic iron rs post generally in use p England and on 
the Continent. 

The-,first attempts in this way seem to be referable tu Hunt 
(B. P. 8356 'of 2 is 1 ; Janup.ry 1840), and especially to Longmaid 
Ps. 9496 of 20th October ,I 8(|.2, and ,^10004 of 1844). 
The latter e^cactly described the principles of the pfocess, as 
it is carried out at the present day, certainly* with a view to 

J. Soc. Cfieth. Ind., 1921, p. 246R. 

See Lunge, fourth edition, p. 1454 et seq. 
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making salt-cake' and chlorine as the chief products; and he 
also worked it out on a large scale ;»so that he must be regarded 
as the founder,of the wet extraction of copper. Certain small 
improvements were patented at different times.* ^ 

The mosf iitiportant ores employed in the English sulphuric- 
acid factories contain from 40 to 49 per cent, of sulphurf and 
the followirig quantities of copper and silver :— 


• 

Copper. 

!Sil«er. 


r«r c(Mit. 

UimcPH (troy) 
pft' ton 

Kio-TiiUo . 

3-80 

1'20 

Tharsis 

3-50 

0-75 

San-Doiningo 

3-70 

0-75 

Sulitclcma. 

2.70 to 3.5 

0-96 

Orkla 

2-25 to 3.50 

0-96 


The percentage of sulphur in the cinders as they are supplied 
by the acid-works varies extremely ; hardly ever falling below 
2 per ceift., but sometimes rising above 10 per ceftt. The 
letter, however, results front very bad working of pyrites- 
burners, but 4 to 5 per cent, is considered fairly good work, 
this amoun'* being often required for the wet <jopper;extraction. 

The analyses by Gibb on the following page show the com¬ 
position of the pyrites-cinders as the copper-works receive them. 

^ Spongy iron w.is first employed by Gossage (li. P. 13177, 1850) ; it 
was ag.'iin patented by Aas in 1861, and Jiy G. Bischof in 186^ {Wagner^ s 
Jahresber., 1862, p. 133, apd 1863, p. 153). • 

The.process now generally employed in Er|glan<l has been principally 
described by Clapham (Chem. News, 23, 26), Gibb (C/iem. News, 
31, 156, and several publications of the Tyne Chemical Society), and^ 
Lunge {Dinfl. polyt. J., 204, 288; 21^, 466; 215, 54 and 229; 
219, 323). A pap’e^ by Bode {Ding!, folyt. J.,'2z6, 254, 35}, and 
428) gives a very complete survey of all the previous ones. The notes 
of E. A^Mebus, published by Jurisch, are also of interest, jsspijcially 
concerning the recovery of silver {Chem. hie!., 1894, p. 378), "Wie process 
and plant used at Natron.a, near Pittsburg, a* desc*bsd by Clemmer {Min. 
Ind., % 197, and 9, 283). (^otljny {Metallurgie, 1911, 8, 389 to 3M) 
describes ‘his investigations on the chemical processes ^ing on in tne 
roasting of burnt jjyrites with salt. 


[Tab^e, 
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II19 Tinto. 

Tlursis. 

San- 

Domingo. 

Yttei(L*ii 

(Norway). 

Copper* .... 

1-65 

1-50 

1-55 

1*01 

Iron* .... 

3-64 

3-23 

3 - 7 fi 

3-33 

Sulphur* .... 

3-^3 

3-15 

3 - 62 ^ 

3-10 

Cupric oxide . 

275 

2-56 

2*70 

0-39 

X 

0 

c 

X 

2*02 

0*55 

0*47 

6*46 

Lead oxide 

0-47 

0-70 

0-84 

o-od"' 

SiK.r .... 

o*ooj7 

0*0023 

0*0023 


Coba’.lic oxide . 

0*007 

0-032 

0:033 


^iismuth oxi(L . 

0-013 

0*010 

0*013 


Calcium oxide . 

0*20 

0-25 

0*28 

2*30 

Ferric oxide 

77-40 

77*00 

78-15 .,1 

68-06 

Sulphuric arid 

6*10 

S-S-l 


6-56 

Arsenic acid 

0*24 

0*17 

0*25 

0*05 

Insoluble residue 

1-45 

5-85 

1-85 

8-74 

Total . 

99-47 

100*25 

99 - 3 ' 

100*06 . 


* Calculated as Cu^S and Fe^Sj. 


Phillips states the following as the composition of‘cinders 
from San-Domingo ore :— 


Sulphur 


Arsenic 

/ • * 0-25 ■ 

Iron . 

. 58-25---83-0 

Copper 

4.14 

Zinc 

o- 37 < 

Cobalt. 

trace 

Lead . 

1-24 

Lime . 

. . 0-25 

Insoluble 

I-06 

Moisture 

- 3-85 

‘ Oxygen and loss 

. 26.93 

Phipson gives the ‘following analysis of residue front 
pyrites':— 

Zinc oxide . '* . 

5-54 

Cupric oxide '•. 

2-86 

Manganese oxide 

I-60 

.Nickel and cobalt oxide . 

0* 1 2 

tadn.ium oxide . 

. . 0*01 

Lead oxide '- . '' 

1-67 

Antimony oxide 

' .r . 004 

Ferrous oxide . 

I-I 7 


Carry,forwa-d 12-97 


' Cheni. News, i8, 29. 
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Alumina 
Sulphur . 
Thalliu^^ 
Indium . 
Gangue,. 
Ferric oxide 
Lime 
Magnesia 
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Brought forward 12-97 
3*25 

• . 260 

traces 

traces 

• *. . * 65-99 

o-1 I 
o-o8 
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* WeddinJ-'pd Ulrich found in samples from^Widnes {a) and 
Hebburn (/;) :— 


-- - 

Sulphur. j 

Copper. 

----- 


a. 

h. 

a. 

b. 

Altogether . . . • 

4.12 

3-75 

4* 08 

5-75 

• 

OfAiis soluble in water . - 

iici . 

In the residue 

I’fl Cfllt 

43*0 

55 ‘^ 

2-0 

I’ri cent. 

37-0 

59-0 

4.0 

I’er pt'iit. 

46-0 

22*2 

31-8 

I’fjj cent. 
26-1 
13-3 

60 6 

• 


— — 

— 

• 



lOO-O 

lOO-O 

lOO-O 

j 100-0 

__ 


The cinders from Sulitelma pyrites and those from Orkla 
pyrites show the following; * ^ • 

• SULITELMA. • 


Ferric oxide 
Coppri' • . • 

Zinc • » • • 

AI2C3 • • ■ ■ 

SiOj • • • 

.Sulphur . • • ■ 

Arsenic . • • ■ • - 

Cobalt . ■ • 

Oxygen and undetermined 


75.70 (Fe- 53 per “nt.) 

3-50 

2-58 • 

2- 50 
0-20 

’ 8.00 
• 4-oo« 

0035 

0-07 

3- 49 
99.995 
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Orkla. 

Copper.2-2 5 to 3.50 per cent. 

Zinc . . • . 350 

Iron ..... 5O'00 

SiOj.1400 

Grinding. 

The mixture of cinders and salt must be carefully controlled, 
and it is advisable to grind after mixing iojorder to ensure 
a rt.ass of uiiiform composition. A suitable grading is jts 
follows :— I 


100 per cent, passing 

through ^ in. 

80-90 „ 

„ 1 '»• 

50-60 1, „ 

.. iV in- 

20 „ >. 

I) tV 


If ground too fine, a slimy mass will be formed in the 
subsequent leaching process. If too coarse, the chlor.idi'jing 
process and time of leaching are too much prolonged. 

For grinding the cinders there are many types of machines 
on the market, and many of those described in Clucpter IV. 
for grinding pyrites may be used. ' The Kent mill is particularly# 
suitable for grinding cinders and is largely used for Orkla; 
the machine having a capacity of 150 tons in eight hours. 

Rock-salt has advantages over the fine qualities due to 
smaller Ic^a by volatilisation, and also to decrepitation of. the 
larger pieces bringing about better distribution throughout 
the charge. 

The suli-hur content of the cinders should be at least equal 
to the percentage o*' copper-f zinc-plead present in the we ; 
excessive use of salt would cause the calcination to be 
p/olonged. 

Should the pyrifes be too thoroughly burnt, it is necessary 
to add’ a portion of raw pyrites to the cinefers to bring the 
sulphur content sufficiently high for the chloridising proc<Ss, 

On the'Oontinent it is the practice to use automatic weigh¬ 
ing hoppers for both "cindefs and salt, the mixture being ttien 
■on-^ eyed to the grinding and sieving machinery in 4 floor 
above, thence into overhead bunkers for subsequently feeding 
the furnaces. , ■ , 

Before proceeding to describe the various types of furnaces. 
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it will be advisable to consider the reactions taking place in 

the chloridising process. , 

Professor Peter Klason gives the results of his investigations 
in an article in the Mining Magazine for December 1918, in 
which he quoti^s Raman’s theory jf the dec(jmpo»ition taking 
place in the Rain^n-Beskow chloridising furnace: Raman’s 
stateqpcnt being ;— 

“ The process, in my opinion, depends principall)* upon • 
gaseous reactiorjp. One must assume an o.xidising* of the 
sujphides with air in which the iron pyrites plays the greatest 
part, dccom^%i|i^ these into metal oxides and oxygen radicals, 
which again drive the chlorine out of the common salt. The 
chlorine then acts, chloridising as free chlorine. 

(I) 2CUCI2 + RS == aCuCl-t-S + RCI^. 

, (2) 2FeS2 + Oj5+Fe.,Oj+4SOj. 

(3) SOj + O + aNaCl^Na^SO^ + Clj. 

• « CuS + 01 ^ = CuClj + S. 

“ It is evident that these reactions are theoretical, so that 
the interm^ediate stages must be imagined, SOj fornyng first, 
which, owing to the effect the furnace mass as a contact 
slibstance, is oxidised to sulphuric acid. But even assuming 
a direct conversion : ^ 

(5) RS + 0 , = RSO„ 

(6) RSO^-l-2Naa = RCl2 + Ma2SOj, 

between the salt and the oxidised sulphides, one has clearly to 
deal with a gas reaction, and oxidising with the aid of the 
oxygen in the air. {t is possibfe that the reactions (5) and 
(6) ta^ce place, although I consider tli#t ( 5 ), (3), and (4) are 
especially important for a complete roasting of the copper to 
chloride. . • 

“The theories I advanced a few yeajs ago on chlori^lising 
roasting, which a? the present time is performed in most 
metallS*gical works in the weU-known Rani^g»Bc^kow 
mechanical furnaces, seem for the g^eater^ part fo have been 
confirmed by experience.^ ^t has been proved with certainty 
that th<f mass acts as a contact substance in the forming^f 
the chlorine rfccessary for the reaction, and I consider it 
proved th^t this*ieaclii€in takes place jjrincipally by alternate 
oxidising and reduction of the iron compound prcseiU in the 
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mass. It is also shown that the roasting is more complete 
in cases where the ore contains iron than where it is poor 
in iron.” 

Professor Klason goes on to say that, from the large 
number of investigations hc^made, he confirms Rtimdn’s state¬ 
ment that the formation of chlorine takes place according to 
formula (3): 

2NaCl -I- SO3 + O = Na^SO^ + Cl^, 

wheweby the ^erric o.\ide introduces oxygen irom the air into 
the reaction by catalytic action, SO3 and NaCl acting on eu.ch 
other according to the formula 

2NaCl + 4SO3 - .S.3O5CI3 + Na.3.S30-, 

forming sulphur pentoxydichloridc and sodium pyrosulphate, 
these products being intermediate ones. 

The SO2O5CI.3 decomposes into chlorine, sulphur dioxide, 
and sulphur trioxide, and the pyrosulphate into neutral ulphate 
and sulphur trioxide. 

The HCl formed during roasting naturally gets its hydro¬ 
gen from the moisture in the air and the cinders, and is formed 
partly according to the reaction ’ 

2l!JaCl + S03 + H30 = Na,S0^ + 2nCI, . 

and also 

2NaCl + £0.3 + H.2O + 0 = Na^SO^ + 2HCI; 

these reactions being important not only because they produce 
the acid necessary in the leaching, but also on account of both 
being exothermic. ^ 

This evolution of ->ieat, together with that generated in 
roasting the added pyrites, is utilised in the Ramdn-Beskow 
furnace by shortening the time of reaction by diligent stirring, 
thus getting better practical results, lower fuel consumption, 
and the copper more soluble in the leaching process. 

If th.; contents of sulphur are increased by adding ferric 
sulphate (pyrites prpbably would be just as good), the experi¬ 
ments showed that Cu became equally soluble as in common 
cinders, thus' showing that copper ores can be treated by 
chloridising roasting without having been previously subjected 
to sulphurising roasting. In this case, however, iron ^vill prob¬ 
ably go into solution. 
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Further eKperlments went to prove that cupric chloride is 
more or less decomposed into cup»ous chloride and chlorine ; 
for by heating^ a quantity of anhydrous cupric chloride in a 
:urrent of dry air to 500° for three hours, 83 per cent, was 
converted into* cuprous chloride.* By heating tTie resultant 
cuprous salt for a longer period, cupric oxide was former^ but 
when*moisture was present the following reaction took place : 

CujC1.j + H 30 + 0 = 2Cu0 + 2HC1. .* 

* • 

»lt is quite evident from the foregoing extracts from Prof. 
Klason’s exc^d^giy interesting paper, that ev^ry care should 
be taken in using the correct amount of salt, in controlling the 
temperature, and in taking analyses of the calcination gases 
at frequent periods. 

* Hand Furnaces. 

'She* 4 irst attempts at chloridising cuprous cinders appears to 
have been made in reverberatory furnaces, but these have been 
given up and muffle-furnaces substituted. In the former, 
the mateyal was subjected to very uneven temperature and 
focal overheating. About 1^70 the muffle-furnace was intro¬ 
duced, and better control of the heat was possible ;* later, a 
combinatioft of the two types was constructed, hawing two or 
more hearths, and the charge removed Q'om the higher one to 
the 'rtwer. * 

The essential conditions for a satisfactory hand-furnace arc, 
that the brickwork should be tijht, and the whol^ structure 
built of bricks of acid-* and heat-resisting Quality and having as 
little porosity as possible. I'acilities for cleaning the various 
flue connections should of course be provided. 

For dijficriptjons of the variq^s hand-fired furnaces, the 
reader is referrcci to Lunge’s fourth editioVi, pp. 1476*’/ seq.. 
for such furnaces are now rarely u.sed, the principal copper 
firms Having replaced the whol<? of them b^ Ijfech'knical 
furnaces. 

• * Mechanical Furnaces. 

The chief w*ork in the development of mechanically operated 
furnaces« has 6'een ‘tarritd out by* Ram^n and Besftow of 
Hel^ngborg, Sweden, and a description of their ntechanical 
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furnace will be of interest. Up to 1920 there were between 
thirty and forty Ram^n furnaces in use in Great Britain, 
sixteen of which were installed by the Th^;sis Co., Ltd., 
and three by the United Alkali Co., Ltd. There are about 
seventy at w'ork on the Continent. 

Before Rain6n and Beskow perfected their invention, Ramen 
undertook many investigations at the Helsingborgs Kcppar- 
verk, vheie he proved that the roasting of cuprous cinders 
could be done in a very short time if givOn the necessary 
amount of air and suitable admixture of salt. -> 

He also proved that after pre-heating the mixture in one 
compartment, the chloridising could be completed in a second 
one without the use of external heat. 

Ramen and Beskow’s conditions for effective chloridising are ; 

(1) An even temperature in all parts of the mass. 

(2) A regular supply of air without undue dilution of the 

gases leaving the furnace. '* *’ 

There are two sizes of the Ramdn-Beskow furnaces on 
the market, one with a capacity of 40-50 tons of cinders and 
salt per”' twenty-four hours, and another of 80 tons. The 
smaller size consi.sts of five hearths, circular in section an<! 
about 21 ft. 6 in. in diam., the internal lining being circular 
and built of special firebricks, the outside structure square 
and carried on piers and archways about 7 ft. above the 
ground, tf?us allowing for discharge into bogies or ‘other 
transporting devices. Under the furnace proper the motor 
and gearing are arranged, these being enclosed in order to 
prevent ingress of dfcst. The various hearths have a camber 
arch rising about ib in<, special blocks being u.sed throughout, 
and very substantially built into the sides of the furnace. 
Steel joists are used extensively to take all tlvust.s, but 
during the war reirtfoiH;ed concrete was substituted and found 
to be very satisfactory. 

Fig. 7 ? shows a sectional plan of the second hearth ^f their 
furnace. Four flues are provided, one at each corner of the 
structure, three of which are con^evted to the bottom four 
^ beds for conveying the acid gases to the condensers, and the 
fourth flue for the products of combustion emanating from the 
top bdd. The mixture of, cinders and salt is fed int« the top 
hearth by means of a hopper feed and the producer-gas applied 
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at the circunrfereftce thereof. Rabbles fixed to a central shaft 
carry the material from hearth to liearth. 

The chlori'^ising does not take place at the top hearth, 
therefore the.se gases may be taken direct to the chimney. 
The air necessary for burning t 4 ie producCr-gas is usually 



supplied by a sftiall fan, and that required for roastfhg by 
openin^fs provided in the lowest bed. , 

The temperatures of the various beds should be aS follows ; 



• 

Top 

2 5^300“^ 

• 

• 

2nd* .* 

■ 450° 



3rd 

. 500° max. 


• 

4th 

0 

0 

0 

• 

w 

i*h 

• 440; „ 


Of course, a great deal depends upon the sulphur c»ntent of 
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the cinders and the amount of air added at the top and 
bottom beds, but the figures given can be taken as those 
giving the best results. 

Compared with the hand muffle furnaces mentioned above, 
the saving ' 4 n fuel is very .jmarked, the reduction being from 
10 per cent, of fuel on the cinders to under 2 per cent. The 
cost of upkeep is remarkably low. The power tequiitd to 
operatw a 40-ton-capacity furnace does not exceed 2 h.p., 
but the type of motor should be such that if can be regulated 
for speeds varying from 300 to 900 revolutions per minate, 
for at the commencement of charging of the f’lrilace it may be 
necessary to run at the lowest speed, and at the period in 
which the furnace charge has to be “ sliced,” or the scars 
removed, the speed should also be regulated. 

With some class of ores it may be necessary to “ slicf’” the 
contents of middle hearths every alternate day, but only experi¬ 
ence can guide the operator in this respect. » 

Another important point in obtaining a satisfactory output 
of cinders is the regulation of the draft on the various parts of 
the furnace and flues. An iron fan of convenient '■apacity is 
usually installed between the furnaces and condensing-towers.* 

Wor'king of Furnaces .—For pre-heating the cinders on the 
first hearth.an ordinary Mond producer with forced draught is 
suitable, and for a furnace dealing with 80 tons of cinders per 
twenty-four hours a 6 ft. diam. producer is ample. •' 

The furnace, when started up cold, should be heated very 
gradually by means of wood^ fires on each hearth, followed in a 
day or two by coke.- Four or five days should be occupied in 
this process, and th*e 01 e may be charged when the bricl:\vork 
of the middle beds is at dull red-heat. 

It is advisable that djily samples of cinders and salt 
entering the furnaie He obtained, and a sieve test taken ; also 
an analysis of the percentage of salt present and the amount 
of cOppv, as a check ou the process-worker. E^cn bed 
should be examined, daily, by stopping the furriace mechanism 
and running a slice through the eortents ofoeach hearth. If 
a considerablb amount of scars is found, it is then necessary 
to remove the ordinary rabbles and to substittite the special 
ploughing ones, and afte’' the furnace is''again*put to»work the 
scars can easily be removed through the doors. As panted 
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out previousiy, temperature control is very important; the 
draught readings ought also to ibc recorded several times 
during the twefity-four hours. The vacuum usually found on 
the upper hearths is 0-75 down to '02 in. of water, but 
practical experience in the actual 4)lant is eseenti^l because of 
varying arrangements of flues and capacity of the plant. 

Sfrice the chlorides of copper are both unstable and votatile 
at high temperature the control of temperature is of hnport- 
ance, for considefable loss of the metal occurs it^ many works, 
ani it is wi^ difficulty that profit is realised even with the high 
returning charge*demanded when purchasing cuprous ores. 

It is quite evident that considerable saving can be effected 
by the use of mechanical furnaces over hand-manipulated. 
Not only is the consumption of salt halved, but labour, wear 
and 4 «ar, fuel, etc., are reduced in a marked manner. 

Other mechanically-operated furnaces used for the chlorid- 
isin^oftuprous ore are of interest, and the “ Wedge," described 
in another chapter, is one of the successful type. In fact, the 
furnaces ^sed for “ fines ’’ pyrites can be easily adapted for 
calcining *uch ores, and vice versa. 

* Ramdn-Bc.skow (B. B. 23108 of 1909)' de.scribe a method 
of heating the ore by itself in the upper compartment, and 
then, withotit the gases being permitted to *mingl« with each 
other, the ore is conveyed to the low,er compartment, into 
whicif the .salt is .separately introduced ; or a mixtur^of the ore 
and chloride of sodium is introduced into the upper compart¬ 
ment, and the gases developed in^the second compartment are 
led away separately * from the combustibn-gases which are 
leaving the upper compartment. Fig* 73 and 74 illustrate 
the apparatus. 

The tests for, ascertaining the completion of the calcination 
arc of a very siqjple character, which is fhe more ne(jessary 

* sS'Sdish P. 34215 of 1911 dcscril»es a furnace having, .a central 
vertical shaft with stirring-arms and with flues for gases* to or from the 
furnace, or to and»from the different compartment* ;» 1 S, Ps. 31047, 32642, 
345 i 3 i Vd 35543 *boing for*fui*iace details only. B. P. 11515 of 1^12 
claims the method of pre-heating the air-supply by means of a separate 
heating apparatufand then introducing it into the material to»be roasted. ' 
B. P. 292J5 of 1912 d^ribeg a device for effecting a downw.'^'d gas- 
tight feeding of roasting material from ofle*rompartnient to another in a 
furnace provided with a number of shelves. » 
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the charge, not weighed, is lixiviated by water and diluta»HC!, 
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just as on tke large scale ; the residue is boiled with aqua 
regia, supersaturated with ainmoniaf and allowed to settle; the 
more or less blue colour of the solution of ammonio-cupric salt 
gives a sufficient indication of the percentage of insoluble 
copper. * • I, - 

Condensation of the Calcination-gas .—The condenser^ are 
const*uctec> of stoneware slabs similar to the towers used in 
the manufacture of hydrochloric acid. Those made of^imber 
are less serviceafcle. They arc sometimes packed with qpke, 
bu% better still, with any of the acid-resisting packings 
described in Cli4pter II, Vol. II. Those pa<;)<ed with coke 
are quickly blocked by the dust which is carried forward 
by the suction of the fan, with subsequent disturbance of the 
process. 

A«K)thcr method of condensing the gases is by means of a 
water-spray in an empty column of similar construction ; but 
this icaiT»hardly be recommended, although a plant of this 
type was under the writer’s supervision for a period, but several 
feet in de^th of earthenware packers were introduced with 
beneficial j’esults, the strength of the condensed acid increasing 
considerably. Further investigations proved that a consider¬ 
able amount of copper was still escaping into the chimney, and 
it was founO advisable to supplement the p*acking area still 
further. 

Tffcre is little doubt but that, on this score alone, the 
subject should receive careful attention by any one interested 
in the design or control of copper-recovery plants. ^ 

The strength of the acid leaving tin? condensers should 
show 3-7 per cent, of MCI and about a*iicr cent, of sulphuric 
acid, but the strength depends entirely upon the efficiency of 
the condeijsers, for sufficient wash^vater has to be circulated 
to reduce the escape of the deleterious vafioilrs to compl)*with 
the Alkali Act. 

The'^total condensed liquid is tisually sufficient,*for* the 
succeeding operation of li.xiviating tl*e caliiqfd mass. If not, _ 
additional acid has to be»a(idcd ; but many works have wegk 
acid of 10’ or 20° T.w., which is of little value,*and this can 
be used for the*purpose. * 

The oonden^d ac^B shhuld be .examined for contdlit of 

gold, and, if in sufficient quantity to precipitate as sulphide, 

_ • • • 
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this is accomplished by allowing the liquor leaving the towers 
to percolate through a layer of sulphide of iron. 

Lixiviation of the Calcined Charge .—This i.s usually carried 
in bogies running on tram-lines over each of the lixiviating- 
tanks, into which it is tipped. The material' oi the tanks is 
generally wood ; most metals are e.xcluded by the nature of 
the lixiviating liquid. As such wooden vessels cadnot \<^11 be 
kept tight on account of the unavoidable rough treatment and 
the^hot liquQq the whole floor of the lixiviatihg-shed is covered 



with a layer of asphalt and slopes to one point, .so that all the 
liquors leaking out run t? a catch-well, into whi(;h are fixed 
earthenware or w6od;n spouts for carrying, the strong copper- 
liquors. Fig. 75 shows their construction. ^ 

Marq; of the lixiviatirfg-tanks are square, about iTx ii ft. 
wide and 4 ft. to. 5 ft.».deep, made of well-seasoned Sjin. to 
4-in. planks kept together by oorner-pieces, screw-bjalts, etc. 
The joints are painted and caulked in the usual manner; 
afterwards the whole of the inside of the tank is given a 
coating of hot coal-tar, . Lead-liried Vessels' have been used, 
but these are expensive and frequently need repairinj^ On 
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the bottom, •latte on end are placed ; upon these, perforated 
fire-tiles or boards ; upon this false bottom, a layer of sifted 
furnace cindess or coal is spread ; and on the top is put a 
layer of heather or coke 3 in. to 6 in. deep. The liquors are ^ 
conveyed in eas'thenware or lead and indiarubber tubes of 3 in. 
to 4 in. diameter, the latter provided with iron pinch-clgmps. 
In oRjer tt) force the liquors from one tank to the other, or 
from tl*e catch-well into the tanks, simple metal or stpheware 
injectors are provided. • , 

*Into cvcjjy tank about 10 tons of calcined ore are put, quite 
hot from the furnaces, and covered with wealg liquor from a 
previous operation, which gets heated by the heat of the mass 
itself. After one or two hours the now concentrated liquor is 
run off by a plug-hole below the false bottom, and is now ready 
for precipitation. Then follow .several (three or four) washes 
with the weak condenser-acid, or, if this does not suffice, with 
suljAuri# or hydrochloric acid bought for the purpose and much 
diluted. This is scarcely necessary in the case of mechanical 
furnaces, because the copper-salts from these are mostly soluble 
in water >^ut it is usually necessary with hand-furnaccs. Even 
Wren no acid need be bough'^, but sufficient condenser-acid is 
obtainable, a saving of acid is important, since the condenser- 
acid conveys arsenic and bismuth into tfre copper. This 
treatment is succeeded by three or foiy washings with water, 
preferably at 85” to 90°, the attendant making the necessary 
tests of the washings for copper content, in order to guide him 
as to the washing required. , , 

The plant necessary for leaching a ^iyen quantity of ore 
calcined in hand-worked muffle furnaeft is based on the time 
occupied in charging, washing, and refilling, which may be takeij 
as from fojty-cight to sixty hours \yhen dealing with the above- 
mentioned quantity. Under similar eonclitions it tell be 
advisajjle to provide plant on the basis of seventy hours for 
leaching ores calcined in mechanicat furnaces, with a«(*cw tanks 
in reserve. • • , 

Pre-leachitig.-^\n the •rdinary system of lixiviation, described 
above, the custom of dumping the hot calcined ore into the , 
tanks and then covering with the solution from a previous 
batch, lumps fre'quent!^ foi^n owing.t* the difficulty in getting 
the ljulk evenly wetted on account of the tendencj' of thf 
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sodium sulphate to absorb water of crystallisation. Thus 
channels are formed, with a*-resultant retardation of the process 
of leaching. The lumps have to be removed, and considerable 
manual labour expended. 

Ram6n and Dcskow ' invented a method of svercoming this 



difficulty, by spraying water on the hot ore before taking it to 
the leaching vats. Ramdn after,"'ards introduced an'apparatus 
called a “ Pre-leacher,” '^ illustrated by P'igs. 76 and 77. 

The hot roasted ore leaving the chloridising furnace, instead 



of being taken di,ref-t to <the leaching-tank.s, is carried to the 
hqoper feeding the pre-Ieacher. The hopper- a, placed eccen¬ 
trically, comrhands a revolving table b, and can be regulated 
in height in order to increase or decrease tfie amount and 
depth! spread evenly ova" fhe surface of^the table. • 

1 Swedish P. 35572. ^ B. P. 15254 of 1914.« 
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Water-spray pipes c are fixed above, and use is made of 
the vapours by condensation in •a small column f, erected 
adjacent thertto, the water thus formed being used for the 
spray supply. ^ 

A fixed arua with rabbles i retjsoves the moistened material 
to the discharge-hole ; the moisture content being mainlined 
at Jtbout *10 per cent. By this procedure it is possible to 
expedite very considerably the process of Icaching^^roper; 
moreover, accoreJing to the inventor’s claims, thg zinc chjfjridc 
ar^ copper^chloridc may be more readily obtained in separate 
solutions in a ir^)re concentrated form, thus facjjitating recovery 
of these metals and subsequent recovery of the sodium sulphate. 

As the ore will have a temperature not over i oo’, when 
put into the Icaching-tanks, these will not be damaged by it, 
ancWJjus will require less repairs than when charged with hot 
ore, as is often the case in plants not using the Ram( 5 n pre- 
leaciier. • 

The pre-leacher is so constructed that the ore is treated in 
a closed ^paratus, whereby the dust and fumes, which form 
when th^ not ore is rvelted, are conden.sed and taken care of, 
histead of being allowed to Slow off into the air, inside of the 
building. This fact has the good effect that machines and 
iron in geifcral, also the inside walls of the* building, are not 
corroded by the action of fumes and dqst so characteristic of 
the bid chloridising leaching-plants. This .systen^ therefore, 
saves machinery and woodwork in the leaching department, 
and also creates better working ccyiditions for the i^en. 

At present the purple ore is the best^aying product from 
extraction plants, and the price of tlf: same is considerably 
influenced by its percentage of sulphur and copper. The 
leaching process, determines to a ^rtain degree these percent¬ 
ages in the purpje ore, and by this iyslem of leaching a 
purple^ore free from all soluble matter can be secured. 

Witit large leaching-tanks, to be .shortly described,* it is 
possible to reduce the leaching tim« to twejity to twenty-four, 
hours, whereas,•in the •oalinary methods of washing, ^he 
operations usually extend over sixty to seventy hours, as. 
mentioned aboAe. * 

Expe»iment^ undettakeh by the .writer in the pre-lcaching 
of or^ gave the following results :— 
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Two batches of calcined ore were sprayed while hot with 
water and then transferred. to the washing-tank and covered 
with weak liquor. After twelve hours this was run off, and 
three washings of condensed tower acid put on, followed by 
two washingts of water. n 

The weight of ore treated was 11 tons 9 cwts. and i O tons 
17 cwts. respectively, and after being sprayed it contcined 
I 3-14'per cent, of water. y 

The washipgs tested as follows :— > 


Xo. of Wa-^li. 
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During these e.xperiments the process of washing by the 
ordinary method was still beinsr carried out, and tfic material 
lumped considerably, whereas tfie batches which were wetted 
previously to leaching showed no signs of lumping whatever. 
Moreover, the period occupied in completing the tharges was 
reduced considerably, ^and much stronger liquors resulted. 

The material dealt with was a conglomerate of various 
ores, and contained a large proportion of fines, so much so 
that “ slin\es ” were formetj by the ordinary procedure of 
lixiviation. ' 

The tanks in use it the various works where Ram^n has 
introduced his system are five or six times the capacity of 
those just described. Thej' are built of reiqforcejJ concrete, 
measuring internally ubout 25 ft. long x 18, ft. wide and 5 ft. 
deep, and are built with rounded corners, .so that a grab-Jrucket 
can easily remove the ord. They are lined with a layer of 
,asphalt, this being .proteited by timber boarding, the joints 
bejng caulked in the manner alrerdy mentioned. The usual 
capacity is 70-90 tons of cinders. There need only be one 
man per‘day shift for the handling of the ore* from the pre- 
leach^r dump to the tanks, and froA thV tanks to the outside 
store {of purple ore. There is no digging by hand, ai\fl the 
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abour is reduced .very considerably. A series of four tan 1 <s is 
Ill that is necessary for an output of too tons of cinders per 
:wenty-four hgurs. The bottom filtering medium is usually 
jraded pebbles, which are protected by several lengths of timber 
aid on the tsp^of them to prevent disturbaijce by the action • 
of the grab. 

liiaumuller (Ger. F. 307175) leaches roasted ore irf the 
following mannee:—The hot material containing coppqr, zinc, 
silver, etc,, obtajjied by the chloridising roasting cK burnt 
pyytes, is mixed with the leaching solution an^ the mi^ure 
passed to S perforated distributing-plate arranged above a 
washing-tank, where the solids are deposited 5 nd from which 
the solution is tapped off. 

E. C. Vigeon and J. M'Conway (B. P. 161375) sprinkle 
the jj^r^t cinders with a liquid while in a conveyer, preferably 
of the screw type. 

'(he Qorr system of leaching (B. P. No. 154512 of 1920) in 
America is accomplished by means of classifiers. 

These are placed in series, the first two or three being used 
for trcatmSnt with the condensed acid and the remaining ones 
for the wash-water. • 

The troughs are inclined to the horizontal, with ewerflows 
at the lowe« end and an outlet at the upper «nd. A conveyer 
travels over the floor by gearing, and it is lifted periodically ' 
abov*e the surface of the settling material. The*material is 
fed into the trough, and water or other fluid is supplied from 
a main above, the coarser portion being di.schargcd by 
buckets into a launder. The Ic^el of Ijie solution is main¬ 
tained in the trough, and the finer p^rtidn which settles to 
the bottom of the trough is moved by the conveyer to the 
overflow. The lighter portion which remains in suspension in 
the solutio’n is discharged at the ftther fvwflow. The opera¬ 
tion is a continucfhs one, and it is claimed that great output 
can b6 cbtained in a small ground area. , . 

The writer is informed that the Dorr system has^een tried 
for a period of several months in the year* 1916 at a copper* 
works In America, but the tests were not ve»y satisfactory. 
The purple ort produced was no better than that ptoduced in*‘ 
the ordinary system ,af leaching, and^ the copper solutipn was 
very^ dilute. The greatest difficulty appeared to be in the 



520 BY-PRODUCTS IN SULPHURIC ACID MANUFArPURE 

construction of the working parts, and the separation of the 
coarse from the fines also gave considerable trouble. 

The Residue from LiMviaiion .—It is the valu® of this residue 
which makes the wet process in this case more profitable than 
the dry protcss, q? the rcsicjue is a valuable irqn-bre, going by 


the name of purple ore or 

blue billy. The following is the 

composition of two average 

samples:— 


Ferric oxide 

. 90-61 

95-10 r-' 

^ Coi^per 

. 0-15 

0-18 t 

Sulphur 

. . o.o8 

0-07 

Phosphorus. 


. f. 

Pcad'sulphate 

1-46 

' 1-29 

Calcium sulphate. 

• 0-37 

0-49 

Sodium sulphate . 

• 0-37 

0-29 

vSodium chloride . 

0-28 


Insoluble 

6-30 

2-13 


99-62 

99-55 

Metallic iron 

• 63-42 

66-57 

This ore is thus shown to be very rich in 

iron, entirely free 


from phcsphorus, and to contain very little sulphur", its slight 
percentage of copper docs no karm. The only drawback ic 
its fine .state of division. It can be to some extent employed 
directly in its pulverulent state as a mixture with/ive or even 
only three parts of lump iron-ore in blast-furnaces; using 
limestone ('n addition'^ both grey and white pig can be ,made 
from it. Much inferior ores are, however, generally met with, 
the sulphur often reaching 0‘6 per cent., phosphorus 0-02 per 
cent., and ifisoluble e,xceeding lo per cent, beyond which many 
ironworks will refuue t{} accept without considerable allowance 
off the price. 

• Purple ore is more valued the freer it is from this siliceous 
gangue ; and for .this reasbn, that made from Sjjanis|j and 
Portuguese is preferred to that from Norwegian pyrites. 

Cf. p. 491 as to briquetting and agglomerating,flyrites- 
cinders, all of which of course apply also to purple ore. 

' The lead contained in the pyrites is found' in the ciTiders 
as‘'sulphate. .Part of this is carried away with the Ifiaching- 
liquors in the form of mud, and is removed by settling out; 

1 In wcll-conducted workr the copper' content is usually reduced to 
O'OS to o-,'o per cent. 
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THE RESfDUE FROM LIXIVIATION 

this mud contains some gold. Another portion remains 
behind in the lixiviated residue,.mixed with the purple ore 
and injuringaits quality as an iron-ore. Schaffner' removed 
and utilised the lead in the following simple and cheap 
manner:—After roasting the ore, with convnon %alt as usual 7 
and washing out all soluble chlorides and sulphates, the residue 
!s #rench 4 d with chloride-of-calcium liquor (from the V^eldon 
;hlori^^ process) of 9° to 12° Tw., heated to abfcut 40°* 
and acidulated*with hydrochloric acid. By piutual dccom- 
pjsition ^psum and lead chloride are at once formed, which 
remain dissolved in the acid liquor. This ^is run off and 
brought into contact with metallic iron, which precipitates the 
ead in the metallic state. After washing, the purple ore is 
quite free from lead sulphate. At the same time the CaClj 
iim'ives the last traces of copper and silver pre.sent as Cu^Clj 
and AgCl; these are precipitated together with the lead. It 
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Mccliaiilcal 

Hand-worked 

• 


Fuiimct* Ore. 

Furnace Ore. 

• 

% 



Copper. 


Coppei. 

Soluble in water: 


Tfr cfiit. 

IVr cent. 

• 

P'T cent. 

For cent. 

Cupnc cit^ride .... 


4-i6 

f *96 

«-8i 

1*82 

Cuprous chloride .... 
Cupric sulphate .... 



o*8l 

0*19 

0*12 

lV‘rrous siilj)hate .... 


015 


# ... 


feme sulphate . . . . 


0-75 




Zinc sulphate. 


2 'OI 


1-95 


Calcium sulphate . . • . 


1-29 


I -.59 


Sodium sulphate .... 


9-17 




Sodium chloride . * . 




2 64 


Sohtble in dilute hydrochloric aiid: 


• 



tAiprous chloride .... 


0*015 

0*01 

0-33 

0*21 

Cupric oxide. 


0 225 

o-iS 

1*01 

0-81 

Lead sulphate .... 

Lerric oJlide . • . 

• 

1 not determined 

• 

not determined 

Residue (by difference): 

“ I’urple iron-ore^.’ 


• 





80*40 

o*oS 

77-55 

o*n 

% 

• 

— - 

-- 


• — 

• • 


100*00 

> • 

3.04 • 

• 

100-00 

3-07 

• 

. # 9 A 

Sodmifl chloride equivalent to sodium 

salts 


* 


• 

as above. 


7-56 


ii-Sl 


• 



• 



• • • 


^ Fisch€r\<! Jahresber.^ 1880, p. 136. 
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should be noticed that sulphuretted hydrogeirfails* to indicate 
the lead in a solution of PbCl, in CaCI^ acidulated with HCl. 

Where the copper is precipitated by spongy i-on, a portion 
of the purple ore is employed for preparing the latter. 

Copper-liquor ahtained by-Lixiviation.—Thz-tiieci of the 
lixiviation is best seen from the analyses by Gibb, c/ p. 521, 
which at the same time illustrate the great difference of work 
' between mechanical and hand-worked furnaces. ^ 

The composition of the copper-liquor, according to Gibb, is 
in grammes per litre:— . '' 


Sodium sulpliate 
Sodium chloride. 

Chlorine in comi>ination 
with heavy metals . 

Copper 

Zinc . . . • 

Lead . . • • 

Iron . • 

Calcium 
Silver 

Pneipitation of the Copper from the Liquors. 

This is sometimes preceded by special treatment for obteiii- 
ing the silver, which will be described. The precipitation 
of the copper now takes place by means of metallic iron. 
Lunge in Kis last edition describes fully the preparation of 
“ spongy iron ” used 'for fhe precipitation of copper; but sSeing 
the cost of scrap-iron is so low, it hardly pays to use the more 
expensive material, the reaction taking place according to 
one of^thc following ftvmulae : ^ 

( I ) 2CuCl , -f ^ 

( 2 ) Cu.^CL= 2 Cu 4 -eCl^, 

(3) CuC 1 / 4 -Cu = Cu2C1.^. 

' Regarding the application of these seemingly simpld re¬ 
actions, which, however, in practice meets with several difficulties, 

Ramdn says : ,s- 

“The cuprous chlorids formed aCcordfng to reactien (, ; ■ 
insoluble • in water and certain solutions, but to a cqftain 
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jdegree soluble in chlorides—for instance, sodium chloride and 

[ferric (ferrous) chloride. Under cartain conditions the cuprous 
chloride dissolves, or rather is prevented from being precipitated 
by the ferrous chloride formed ; but if these conditions do 
not prevail,*CHprous chloride maj' be precipitatAl as a very 
fine powder, difficult to remove from the cement copper. ^ The 
cupfcus chloride forms specially if cupric chloride comes in 
contao^,^ith already precipitated copper (reaction 3), ih which 
case ferrous chlc^ide is not formed to keep the cyprous chloride 
in^solution^ This chloride being very volatile, causes copper 
losses in the smelting of the cement copper foy refining.” 

Ramdn (H. P. 100588) describes an apparatus which is 
working very .satisfactorily on the Continent, and is about to 
be introduced into this country. It consists of a cylindrical 
dn*r»mounted on trunnions. The inside is lined with lead, 
then a protective layer of acid-resisting brickwork. 

<rhc» strong solution is run in by gravity from overhead 
store-tanks, and the necessary quantity of light scrap-iron 
thrown in through the manhole. The manhole lid is then fixed, 
and th(i vessel rotated. A suitable valve is fitted to allow 
Escape of the hydrogen generated. Air thus being excluded, 
there is practically no iron compound thrown down tvith the 
copper, thff result being a purer cement cbpperrthan is ob¬ 
tained otherwise. , 

Samples obtained by the writer from the work? in Sweden 
showed a copper content of 90 per cent., whereas the best 
produced in the old system hardly averaged 70 jaer cent. Cu. 
No steam is used in’ the Ramdn precipitation, and the loss of 
copper is infinitesimal. Arsenic and chlorine arc very much 
lower than is usual in the older methods of precipitation. 

The wj-iter devised an apparat^is for precipitation of copper, 
and found it gjve very satisfactory tesults. A nuqjber of 
tanks^were arranged so that the solution entered at one side 
and lert at the opposite by suitaBle conduits. Tl^e Vessels 
werj square and constructed of wood, th(»ir Jowef portion being 
con'ea^ and ac* the lovtest point an outlet was provider^ for 
removal of the deposited copper by a sluice valve. Into these 
vessels contaiticrs were placed, half-cylindrical in section, with 
their horizontal axes* parallel with th* top side of the vdssel. 

Xhe containers were perforated by numerous hole* to allow 

« • * 
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'ingress of the solution and egress of the pjccipitatc. Into 
these containers the requisite scrap-iron was thrown, and in 
order to cause movement of the liquid through dhe interstices 
of the metal the containers were fitted with trunnions, on 
'which they rVcre oscillated. ,.The precipitated copper was thus 
washed through the perforations of the containers, and, falling 
into the bottom of the vessel, was removed from time to tifiie. 

Pig,.. 78 is a sectional elevation of two vessels p senes 



Fio. 78 . 


with their respective containers; and Fig. 79 a P'a" a 
vessel with a pair of containers. ^ 



' Fig. 78 repre.sent.s two ve.ssels which were^ constructed of 
wood, and connected bagether by conduit C with inlet B and 
outlet D at opposite sides. , 

On. the sides of the vessel A the containers F were 'carried 
by means of tlunnion^ G fi,xed to the sides of such vessels^and 

were oscillated by gear. , ^ * •it 

"I'he vessels F were perforated as shown at H and L 

\;Fig. 79). ‘ 

The liquid requiring treatment was fed into ‘A, through the 
inlet B, a/id scrap-iron thrown in the containers F; wheft the 
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containers were •oscillated the movement of the metal scrap 

allowed quick reaction to take place, the copper in solution 
being deposited and washed through the interstices H, L of 
the container. 

The extraction of the copper, was very,rapic^ at least 8o*' 
per cent, being recovered in the first vessel and the remainder 
in the follftwing. The precipitate analysed 80-90 per cent, of • 
coppei^ • • * 

The whole process was continuou.s, and yo steam was 
required. ^ 

The following is an analysis of copper prccjpitate (dried at 
100°) from pyrites cinders at a works in the north of England:— 

Por cent. 


Copper ....... 68-00 

Zinc . . . . . . .2.50 

Metallic iron . . . . . .1-50 

Insoluble ....... yoo 

•Arsenic . . . . .1-50 

Sodium chloride and sulphate . . . i 'OO 

Iron sulphate . . . . . .3-50 

I^ad sulphate ...... 

•Undetermined . .... 7.50 

Alumina . . .... 3-50 


lOO’OC^ 

• . * . • 

This shows a very impure material, and is considerably inferior* 

to yiat produced by the newer mefliods of yrecipitation, 
described above, of Ram6n and Wyld. 

III. Worlyng up tho #opper ^recipitath. 

llie copper precipitate can be take* duect to the smelting 
department, but it is of course preferable to dry down to 10 
per cent, gn hejited flues in case (jf transporting to a distance.* 
Excessive heat should be avoided, •otlferwise some.of the 
copper will be converted into oxide. With the better 
quality^of precipitate produced by*the Ramdn systiyn hr is not 
necessary to dry, the subsequent sgieltiijg ^operdtions are verj' 
mudh ^simplifieiA, and fipisjied copper of high quality can be , 
produced by a less number of furnacings, whSreas with the 
inferior precijUtates considerable costs are entailed. • 

In the earlitr prcKfcss ftf smeltings the object was to* obtain 
a bitter copper containing a minimum of 95 per sent.; the 
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charges for the roasting-furnace consisted of precipitate, a 
quantity of raw pyrites, with the white metal and the refinery 
slag produced in the other furnaces. The blister copper was 
then transferred to the refinery with a portion of lime, 
anthracite, cic. Jhe slag produced in this fiynace usually 
contained about 35 per cent. Cu. That from the roaster, 
containing 20 per cent, of copper, was worked up Vviith course 
metal f.om the cleaning-off furnace, with pyrites, etcy giving 
the white metal referred to above. The residual slag from this 
process was worked down to coarse metal (15 per cent.) ^nd 
ordinary slag (0-7 per cent.). 

Now, with a richer precipitate containing 90 per cent, of 
copper three operations only are necessary. The precipitate 
is roasted and the blister copper transferred while hot to the 
adjoining furnace, where it is refined to 99) per cent. (jn»'ity 
at little cost. For the slag.s, a small cupola is <ill that is 
necessary. The returning charge for the improved qjality of 
material is thus reduced considerably. The ordinary furnaces 
used in England are of the well-known reverberatory type, but 
considerable advancements have been made in recent .years by 
introducing the gas-producer-fircO furnaces. ® 

Hall (U.S. P. 1290024) treats the cement copper by 
compression, using the “ waste liquor ” as a binder,'-the bricks 
being afterwards dried,, and the copper recovered in melting in 
the usual w,.y, or by electrical means. 

IV. Extraction of the Silver. 

According to Phillips, the cuprous pyrites-cinders contain 
on the average 0 0627 > per cent, .silver and o'oooi per cent, 
gold. These metals, on calcining with salt, arc converted into 
chlorides ; and, owing to the solubility of AgCl in NaCl, the 
silver is found mostly; the gold at least partly, in the liquors 
obtained by lixiviating the calcined ore. In order to further 
this, Phil'l^os adds some nrore common salt in the lixNiating- 
tanks. Thesd metal^ are »ow recovered in most works usually 
by the process of Claudet (B. P. 2^2 ,of 187O). This process 
consists in precipitating by a soluble iodide the silver from the 
liquors in'the .state of Agl, which is quite insoluble in solutions 
of chlorides. Usually 9^ recovery 'of 90 to 95 per. cent, of 
silver is attained, with a loss of 15 to 30 per cent, of iodipe. 
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* > <’ . 
For the# treatment of the copper liquors by Claudet’s 

process it is necessary to provide storage capacity sufficient 
for two days’*production, in order to allow for ample cooling 
and settlement of the lead sulphate. This separation gives 
a much beltgr quality than wpuld otherivise be obtained.’ 
These tanks are preferably lead-lined, and placed below the 
lev*! of the lixiviating ones. They are provided with steam 
ejectoi^jor pumps for removal of the liquor to the prec)pitation 
tanks, which ar# of similar capacity but fixe^ at a higher 
le^el. Samples from each vessel are taken and the silver 
content cstimat(^d, the necessary amount of iodine being cal¬ 
culated. The liquor is then pumped to the precipitating tanks, 
the iodine added, and after agitation it is allowed to settle 
twenty-four hours. The clear liquor is then decanted and the 
taiiA;‘j,used for further batches until sufficient mud accumulates 
to warrant removal. The precipitate is washed to free it from 
copper, »and is then decomposed with scrap zinc or sodium 
sulphide with regeneration of zinc iodide and sodium iodide 
respectively. The liquor leaving the precipitation tanks is 
filtered through a layer of 18 in. sawdust before passing to the 
S:opper-precipitators. •* 

The mud obtained usually contains 25 to 45 per* cent, of 
silver, andufrom o’l to o‘2 per cent, of gdld, tlic remainder 
being principally lead and zinc. ^ * 

RamiJn (B. P. 15378 of 1914) claims a m<Ae scientific 
method of obtaining the silver in a concentrated form, and the 
following statement occurs;— 

“ It is known tl;at chloride of silver, which is not soluble in 
water, is soluble to a certain extent in s’olutions of salts, as 
for instance in a solution of common salt. An ore containing 
copper and silver, which has been subjected to a chloridising 
roasting, according to the present invenWorf is fed to tlje pre- 
leacher and sprayed with a solution of common salt in such 
quantity that it is absorbed by all fiarticles of the 01^, whereby 
the ^chloride of silver becomes dis'jolvecl while’the copper to 
a grfeat extent nemains im^jssolved. 

“ At a subsequent lixiviation of the ore thus treated, for ^ 
in.stance with solution of chlorides, it will now n6t become 
necessary to use this’’ solation in pj«:ess, as otherwise* would 
be tl^e case for obtaining a complete lixiviation of the silver. 
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A more concentrated silver solution is thus (.obtained, which 
contains a smaller quantity of copper than if the ore after the 
roasting were directly lixiviated as heretofore. If this 
solution of silver and a little copper is precipitated upon iron, 
'a product of cement coppej: is obtained which ,jn most cases 
contains so much silver that it will be economical to precipitate 
the copper electrolytically, whereby the silver is obtained wit+rout 
loss. In the lixiviation directly after roasting,'’as hithi^ts used, 
it would be necessary to use quantities of(jthe solution of 
chlorides for the lixiviation of the silver so great that^ a 
relatively great^ quantity of copper also becomes dissolved, 
the quantity of silver in the solution and also in the cement 
copper for that reason becoming relatively small. It has been 
a practice to precipitate this small quantity of silver by means 
of salts of iodine, which method, however, is costly at^l .^dso 
involves loss of silver. 

“An ore, containing copper and zinc, which has been aubjeited 
to a chloridising roasting, may be treated in the same manner. 
It is first sprinkled with a liquid, consisting for instance of a 
solution of chlorides of copper and zinc, obtained when'lyciviating 
the roasted ore. The zinc salts absorbing the liquid more rapidljf 
than th'e copper salts, the quantity of the sprinkling liquid is 
limited so that especially the zinc salts of the ore ai*; converted 
into a solution retained in admixture with the copper salts which 
remain undKjsolved. For that reason, at a subsequent lixivmtion 
of the sprinkled ore the zinc salts are first obtained in the solution 
together with a little quantity of copper, while the main part 
of the copper may be extracted by a continued lixiviation of 
longer duration. I he topper contained in the zinc solutmn is 
for economical reasons generally precipitated by means of iron, 
which thereby is dissolved, so that the solution obtained will 
contaip the zinc mixol with iron, which must be removed iii 
order to obtain the zinc in a pure state. TKis removal of the 
iron llerc'tqfore has been vtry costly, for which reasow it has 
been preferrea not to, extract the zinc from the so-called spent 
liquors, obtained in the extraction ^copper. I.*- is evident? that 
the treatment 'of these liquors will become cheaper and simpler 
when the 'liquors which principally contain the zillc contain only 
small ■quantities of iron, as will be'the''case when the ore is 
treated in the above-described manner, viz. uniformly sprjpkled 
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or sprayed \tith a liquid in such a quantity that preferably the 
zinc salts are made to dissolve. 'In the first washing some 
copper will bS present, but in so small a quantity that a very 
small quanti^ of iron will be required for its precipitation. For 
that reason vejiy small quantities of iron will> be present in the 
zinc solution as compared with the quantities of iron appearing 
in fhe liqilor in the usual extraction process. These small 
quantftiqj of iroh can be easily removed as compared v^ith the 
large quantities taf iron appearing in the solutjons aftcf the 
pr|cipitatiqji of the copper by iron from solutions containing 
zinc according tq the usual process. In a sirr\ilar manner the 
method may be used for the extraction of other metals from 
the roasted ore.” 


_ V. Extraction of Zinc. 

Pyrites containing zinc, such as the Westphalian ore from 
Mefgen;* cannot possibly be desulphurised in the burners so 
well as purer ore, owing to the great heat required for decom¬ 
posing the zinc sulphate. The cinders from such ores contain 
both too.much sulphur and too much zinc to be useful for the 
jfnanufacture of iron without -A special treatment for removing 
these impurities. * 

P. W. Pk)fmann * proposed the following pVocess.for utilising 
the cinders from Westphalian pyrites, which sometimes contain 
6 per cent, of zinc :—The cinders contain the zinc/as sulphate, 
which is only decomposed at a much higher temperature than 
is attainable in a pyrites •burner. The zinc sulphate can be 
washed out by water.at 40°; but it cotrtains too much iron 
sulphate to be saleable. If, however, a»solution of 1-25 sp. gr. 
be mixed with a proportion ofNaCl equivalent to the sulphuric 
acid contained in it, and heated to 30°, a liquor of i'38 sp. gr'. 
is obtaineef, from which, on cooling%uch « qhantity of Glauber’s 
salt crystallises thlt this alone pays all expenses. The mother- 
liquor contains chloride of zinc, witA more or less copimcJn .salt 
and the sulphates of iron, zine, and.eodii^.^ If'evaporated to 
fc-befsp. gr., alUforeign iialj:s are separated, and a solutioti of 
zinc chloride, with mere traces of sulphates and o'f iron, remains 
behind, which^can be employed directly for pickling railway- 
sleepers.. The'rcsidue'from lixiviating the .sulphates is artlowed 
1 Verein. deulsch. 18, 521. 
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to lie a few days in the air to dry: most of it Ahen falls to 
powder. When this is pa.s4ed through a sieve, the fine dust is 
found to be almost free from sulphur, the rougher particles 
containing nearly all the sulphur in the shape of FeS. The 
dust might be errk;jloyed in ? blast-furnace after- briquetting or 
sintering. 

At the Aussig works the crude zinc sulphatfc obtaflied 
in just the same way was formerly worked up^A^ the 
addition of calcium chloride (waste lye from the recovery of 
sulphur) into "pearl-hardening” and zinc chloride. , Owiiif^to 
the want of a sufficient market, this manufacture has been 
discontinued. 

Creutzi remarks that Hofmann’s process has not been 
much used, because the reactions are not so smooth as he re¬ 
presented. The .sodium sulphate remaining in the zinc-cjalwide 
liquor is prejudicial to its employment for pickling timber. 
Nor were better results obtained by mixing the solutions of 
sodium chloride and zinc sulphate in the cold, as recommended 
(Amer. P. 236051). The formation of double salts of zinc 
and sodium is the cause of this difficulty. It is therefore best 
to employ calcium chloride imnhe following manner;—Thti 
pyrite.s-cindcrs are exposed to the weather as long as possible 
to oxidise the iron and manganese compounds and the sulphur¬ 
ous acid. They are then lixiviated with cinders containing 3 
per cent, zihc ; a solution of zinc sulphate is obtained of sp. gr. 
I'l6, containing next to no iron and only traces of manganese 
and cobalt., This liquor is mixed with waste calcium-chloride 
liquor from the Wevdon process, of sp. gr. i-ii6, leaving a 
small excess of zinc sulphate. Calcium sulphate is precipitated 
and is filtered off. The clear liquor, of sp. gr. i’075, boiled 
down in an iron pan with, top heat, and a little ^ bleaching- 
powdgr is added ' to-^ precipitate manganese and cobalt as 
peroxides. At a concentration of i • 5, the last traces of calcium 
sulphkte'ore precipitated, “and the clear liquor now Contains 
pnly zinc chlbride^wfth a dittle zinc sulphate, no more than is 
co)j.tained in the liquor obtained ,by. dissolving scrap^zific >o 
commercial hydrochloric acid. This process has the drawback 
of requirihg fuel for boiling down the liquor, bdt it furnishes a 
liquor' entirely fit for piakljng wood: The expense of boiling 
1 Qhem. Ind., 1883, p. 258, 



531 


EXtRACTION OF ZINC 

down is sated when the crude solution or zinc chloride is 
treated for the preparation of zinc‘hydrate (for purifying soda- 
liquors from' sulphides) by addition of lime, and filtering 
through a sand filter. 

The Konigshiitte Berg- und« Huttenveiwaltung (Gcr. P. 
28465) roast pyrites-cinders, containing zinc, with commoji salt, 
andMixivisfte with weak hydrochloric acid. The liquor in case 
of netlS-^s freed from copper and is cooled down to sueft a tern- ‘ 
perature that aodium sulphate crystallises out. The, zinc 
regains ii^ the mother-liquor, and is recovered in the usual 
manner, probab^ chiefly in the shape of crystallised zinc 
sulphate. 

Kosmann' regards all the processes hitherto employed for 
the above purposes as of doubtful economic value. 

•Fr^im the zinc solution, obtained by roasting the cinders 
with salt and lixiviating, a valuable paint can be obtained by 
precipitating, with a solution of barium chloride, a mixture of 
barium sulphate and zinc sulphide. This mixture is called 
lithopone, and is largely employed as a non-poisonous substitute 
for white tead. 

• Wikander (Ger. P. 15808^ of 1903) pa.sses through the 
cinders, at a temperature of about 550°, HCl gas or aViixture 
of this witlf air, thus converting the zinc into’chloride, which is , 
recovered by lixiviation. , 

Thwaites (B. P. 27515 of 1906) lixiviates the^cinders and 
uses the liquid over and over again for the same purpose until 
sufficiently concentrated, ’oxidisigg by air if desirable, and 
taking out the copper by scrap-iron. Fg:)m the solution of 
zinc thus obtained most of the sulphate%)f iron may be removed 
by crystallisation ; the remainder of the iron may be precipN 
tated by zjnc oxide, or by caustic, or carbonated alkali. The 
same inventor (B. Ps. 24847 and 27421?of' 1907) first adds to 
the liquor, from which the copper may or may not have been 
removec?, zinc oxide or carbonate, or both ; then oxicMses*by air 
or by a suitable oxidising compound, separates t\ie precipitate 
formed, adds a Suitable sulj^hide to precipitate Cu, Pb, As, jind 
Cd, removes the precipitate and adds a soluble sulphide in,, 
proportion inefficient to precipitate the whole of t*Ke Zn as 
ZnS. As a final stej 5 ,*aft^r removipi* the white ZnS, the rest 
* * Fischer’s Jahresber., 1886, p. 268. * ^ , 
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of the ZnS and any Mn, Ni, and Co may be precifjitated by a 
soluble sulphide. A later •patent (Gcr. P. 218870) provides 
for the recovery of cobalt from the liquid filtered Irom the zinc 
precipitate, by treating it with an o.vidising agent. 

Siemens and Hialske (Ger P. 233252) add ca-mmon salt to 
the cipders, remove the sodium sulphate by freezing out of the 
solution, precipitate the Zn by means of calcium "carbodSte, 
collect ihe ZnC03, convert this into sulphate by addvidbn of 
sulphjiric acid,,,and obtain from this the zinc by clectrolysi.s. 

The Metals Extraction Corporation (Ger. P. 22492) extracts 
the zinc from pyrites-cinders, etc., by an aqueous solution of 
SO2, saturated under the pressure of at least I atm. 

Ramen (B. P. 9064 of 1913) treats the zinc solution 
by blowing in air, after heating or boiling, and adding the 
necessary amount of finely divided alkaline earth carb»n#te, 
thus removing the iron without notable precipitation of zinc. 
This process is very similar to that of Egestorff’s SSlzwfl-ke 
(Ger. P. 23712) described in Lunge, fourth edition, p. 1461. 


Recovery by Electrolytic Methods. ’ , 

The extraction of this metal from the waste liquors is 
worked upcxi a large .scale, especially in America, bift the profit 
derived therefrom depends so much upon the market price of 
the metal diat it is hardly a process to be recommended 
without serious consideration. 

In an instance which came under the writer’s notice in 
1918, the liquor lea-ting the precipitation-tanks was treated 
with lime to ju.st near'-neutralisation-point in .special wooden 
vessels, having a shaft and stirrers of the same material. The 
resultant precipitate of calcium .sulphate and .iron,was filter- 
pressejl and the filtraic passed into another set 'of agitators, 
where it was treated with sulphuretted hydrogen, thf zinc 
being thUo obtained as sulphide. This precipitate vTas then 
(Iried and afferwardsi roasted in mechanical furnaces. >The 
calqine was then treated with the .residual liquor leavipg tift' 
electrolytic cells, or by addition of weak sulphuric acid, in 
order to dissolve the ZnO, and the solution after purification 
was electrolysed in a swies of cells. These cells were con¬ 
structed of timber and were lead-lined. 
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As it \’*as vfry essential to produce an electrolyte olf great 
purity, all metals more electro-n(jgative than zinc had to be 
removed (nickel, copper, cadmium). The depo.sited zinc was 
obtained of exceptional purity, usually containing about 0'02 
per cent. oT^cadmium, o-02 per cent, of lead, and o-oi pet 
cent, of iron. 

•.Aluminium plates were found to be most suitable for the. 
cathade, and lead for the anode. The former, after i)cing in* 
use a consideraljle period, appeared to be just as good as when 
first put into use. * * 

* A serious drawback was in the loss of zinc in the un¬ 
converted sulpfude due to difficulties in roastmg material with 
a low content of this metal. 

Special attention ought to be given to the application of 
h<i(it^to the roasting-furnace. The producer-gas should be 
applied in such a way that a maximum temperature is obtained 
in,thc yiird hearth, but in the plant which the writer inspected 
the flame was applied on the top hearth and considerable 
unoxidi.sed zinc was subsequently found in the calcine. 

For 9 description of the process as carried out ifl America, 

• the reader is referred to an article in the Chem. Trade /., Ixvii., 
1921, pp. 44-45. • 

S. Fie'd and Metals Extraction Corporr«tion ([?. P. 138946 
of 1918)* describe a method for purifying zinc solution^ 
which arc to be subjected to electrolysis. S|*ch solutions, 
as zinc .sulphate, are purified by treatment with ozonised air 
in presence of a metallic oxide hydrate or carbonate ; man¬ 
ganese dioxide, mapgancse hydtate, lea^l and zitic oxide and 
carbonates, and zinc hydrate being* mSntioned as suitable. 
The treatment is preferably effected at a raised temperature 
and with agitation. If the zinc solution contains manganeSe, 
•an addeef ceagent is not necessary, a#d the manganese com¬ 
pound may b^ caused to precipitate by adding a reagent 
such* ^ chalk or zinc oxide. Any mahgane.se remakiing in 
the solution after purification is r^covej-ed as peroxide mixed 
..wiSi lead peroxide at the anode in the electrolysis, and tliis , 
mixture may be used as tTie catalyst. The treatment described 
removes ironj cobalt, arsenic, and antimony ; but cof)per, nickel, 
and ca^miunt are i»<»t completely precipitated. These metals 
' Chem. Trade /., 1920, 46, 578. 
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are finally removVd by treatment with zinc-dyst as described 
in Specification 138,947, or,.with zinc-dust in presence of acid 
as described in Specification 138,954. C 

P'arbenfabr. vorm. P'. Bayer und Co. (Ger. P. (A) 312384 
find (B) 32G066, 11/5/18) claim the followinff‘process for 
extracting zinc from burnt pyrites:— 

(A“ Burnt pyrites is leached with hydrochloric acid*or 
.sulphuri,«- acid and sodium chloride, while chlorine is *mul- 
taneousl/ introduced. 

(B'Z By first mixing the burnt pyrites with manganese ore 
the zinc content is reduced below i per cent., and the extracted 
material may then be smelted to obtain the iron. 

VI. Recovery of the Sodium Sulphate. 

• • 

Utilisation of the Sodium Sulphate contained in the Mother- 
liquors from the Precipitation of Copper. —At present th* liquors 
are almost everywhere allowed to run into the rivers, and 
the sodium sulphate contained in them is lost. At a large 
copper-works for a time a process was employed iy, which 
ferric oxide was simultaneously,obtained of great purity and* 
fineness,'.so that it could be sold on the large scale for red 
paint. The acid liquors were boiled down to dryness in a 
brick furnace; the residual mass of sodium sulphate and 
chloride and.won salts was ignited, and ground very fine under 
edge-rollers; it was then carefully calcined in an ordinary 
calciner until all the iron salts were peroxidised. The mass 
was treated with hot water and allowed to settle; the ferric 
oxide deposited only required wa.shing in order to become 
marketable as Venetian red. The solution (containing chiefly 
Na^SO^ and NaCl) was concentrated in pans, by means of 
steam circulating in' a ..worm^ an agitator preventing the salt* 
from adhering in crusts to the bottom and sides of the pan 
and to the worm. At a concentration of 1-37 to i'40i.-«p, gr. 
nearly all the sulphate was /ound to be separated ; the licyior 
with the suspended salt was drained.^off the precipitate, which.,, 
was ‘washed with a little hot water and dried in a furnace. 
Tt contained only about i per cent, of NaCl, and not a trace of 
iron ; so that it was very yell adapted for .glass-making, The 
high price,^ of coal caused this process to be given up the 
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time ; and> it <joes not seem to have beer/ taken up* agairf. 
Probably the first step, viz. the evaporation of the acid liquors 
in a brick fcrnace, would present the same difficulties as in 
Gibb’s process. 

Ellis ’ proposed, in lieu of concentrating the liquors by heat<! 
to do so only partially, and then to promote the crystallisation 
of^odium* sulphate by cooling. He mentions no trial# made 
on the large scale. , , 

E. dc Cuype^ (Ger. Ps. 53261 and 54131) cools the liquor 
down to — 3°, at which temperature all the sfilphate df soda 
crystallises out^ whilst the chlorides of iron, zinc, sodium, 
etc., remain in solution even at — 10“. Aftlbr removing the 
Glauber’s salts, the liquor is boiled down to dryness and the 
residue is calcined; pure ferric oxide is formed, and is freed 
fr«mj;he zinc chloride by lixiviation. 

Jurisch (Ger. P. 41737) seeks to utilise the waste liquors after 
eitfractifig the copper in the following manner;—They are 
almost neutralised, in tubs provided with mechanical agitators, 
by means of calcium carbonate; air and steam are blown 
through, &nd in the same ratio as ferric sulphate is fetrmed milk 
•of lime is added, without, however, allowing all the acid to be 
saturated. When all the iron has been precipitated tbe mud is 
run into ^e settlers, the clear liquor is drawn off, and the 
deposit is passed through a filter-press. It contains some zinc* 
salt? calcium sulphate, and carbonate, and can b^ made richer 
in iron by employing it the next time for the saturation of fresh 
liquor. ^..The basic sulphate of iron thus formed can be employed 
for making sulphuriq anhydride, bxide o^ iron, paftit, etc. The 
liquor drawn off from it is mixed in^n Agitator with enough 
milk of lime to produce basic reaction ; the zinc hydroxide 
precipitated contains some basic ferric sulphate, manganese, 
hnd calcuim carbonate, and c^ be, utilised in a suitable 
manner. * * 

According to a communicatiot:»of the inventor in.thg Chem. 
Jnd., 1888, p. 3, 50 cb.m, of waste,liquor, contajniril; 40 grams 
•£n£L per litre/from pyrites containing l '5 to 3 per cent. ZiT), 
would yield by his process 806 kg. ferric oxide mixed •with 
calcium carbanate, 3600 kg. ammonium sulphate, 1444 kg. zinc* 
oxide i50 per cent..£n),.3245 kg. common salt, and.a little 
1 J. Soc. Chem. /w/., *1884, p. 613. 
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■potassium chloriVe. This statement is, however, Qnly derived 
from analyses and laboratory trials, as Jurisch’s process has not 
found any practical application. It will be interei-ting, though, 
to quote from his paper the composition of the liquor he worked 
■with, obtained from the Witkowitz iron- and copper-works, with 
Hungarian pyrites. 

One litre contained :— 


8*6 giams 

free IICl, 

73-0 „ 

Na.,SO^ 

3-6 „ 


i6-9 „ 

NaCl, 

40’3 » 

ZnCl„ 

25’9 n 

FeCr„ 

3 'I „ 

I'cClj, 

6 '4 

Ollier matter 


He also gives a table of the copper and zinc pcrccnta^csjof 
a great many descriptions of pyrites. 

Grabowski (Ger. P. 71917) concentrates the liquor »>by 
evaporation and crystallisation of Glauber’s salt to sp. gr. 1-56 ; 
he then applies to them an electris current of great intensity, 
with lead and copper electrodes, by which arsenic and aptimony 
are precipitated as metals at theiJiathodc. • 

Brewer (B. P. 1348 of 1895) adds to the liquor a sufficient 
quantity of, calcium-chloride solution, separates tlni resulting 
'^solution from the precipitated calcium sulphate (pearl-harden¬ 
ing), removes the silver, and afterwards the iron by calcdum 
carbonate (in the shape of “ caustic mud ”), then nickel, cobalt, 
and mangane.se by bleaching-powden This treatment practi¬ 
cally leaves "only tliQ, chlorides of zinc and calcium in the 
solution, which is electrcly.sed in order to obtain metallic zinc 
and free chlorine. 

VII. Treiittiivaat o{' Ores poor in Copper; 

Th<; case now occurs mveh more frequently than fiyAierly, 
that ores bonfaining only^, i or 2 per cent, of copper are 
burned. In such cases the cinders are too pojjr to apply’thft,, 
treatment desaribed above, p. 506 et seq., beginning with 
-roasting thp ground cinders with salt; on the other hand, there 
is too much copper left in them to.meottthe d'emand_, of the 
iron-smelter. To overcome this difficulty the acid treatment. 
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mentioned I in .some of the processes described, is applied. 

Frequently the cinders are previausly exposed to the air for 
some time,'hi order to render some of the copper soluble in 
water; sometimes they are put in the leaching-vats quite fresh 
and warm. Jt depends upon t^e nature 9f th^ ore which oY 
the.se two ways is preferable, and it must be found by ex- 
p«ience in practice. . 

"Pile acid treatment takes place in lead-lined woodSn boxes,* 
provided with false bottom, and is carried on as ’described, 
p. 514 et^ seq., beginning with weak liquor from a previous 
operation, to which is added a little sulphuriij acid, 2 or 3 per 
cent, of the weight of the cinders. This acid liquor is left in 
contact with the cinders for two days ; the strong liquor thus 
formed is then run off into the precipitating-tank and is rc- 
pkice^ by weaker washings and ultimately by fresh water, so 
that the operation is finished in seven or eight days. The 
w«ak vsishings formed are pumped back into other leaching- 
tanks by means of injectors. The copper is precipitated in 
lead-lined vats by means of scrap-iron, suspended in wicker 
basket^ Sr otherwise, at a temperature of 50° or 60°. The 
• precipitated copper mud is :.<)ld to iron-smelters, or is roasted 
into oxide in reverberatory furnaces and dissolved in liot weak 
sulphuric acid, to manufacture cupric sulphrfte. • 

By this treatment it is hardly possible to extract all the 
copper, but sufficiently so to render the cinder fit for the 
blast-furnace. 

The manufacture of* cupric sulphate from joyrites-cinders 
and low-grade copper ores is clescribod by Millberg.* The 
liquor obtained by lixiviation is treated, with air, whereby the 
iron is precipitated in the form of ferric oxide and the copper 
remains in solption as sulphate. If manganese is pre.sent, it is 
Removed by precipitating the copper«with milk of li|j:ie at a 
high temperatufe. Alumina is precipitated before the copper, 
and is^thus kept out as well. • * ,* * 

^Mastbaurn “ reports a case whe»e th^ shiftiifg about of w,et 
«JixMated pyrites-cinders in a steamer nearly caused it to 
founefer. * * * 

1 Chem. y.eit., 190^ 


2 Ibid., 1912, p. 30. 
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VIII. Other Processes for Extraction of Copper, etc. 

C 

Richard' discusses the way of roasting cuprcnis ores and 
cinders so as to obtain the maximum yield of soluble copper 
salt. This Coincides with increase of the fernc sulphate; 
hence the roasting should be performed at a temperature 
where this is possible. The finer the grain of the ore, the 
' better for this purpose ; 2 mm. should not be exceeded. It is 
most usel'ul to treat the roasted ore in the fu'-nace itself with 
a few per cent, of sulphuric acid. During the last period of 
roasting, the traces of Au and Ag present can be made solut^e 
by suitable additions, and the liquors can be worked directly 
for cupric sulphate. Or else, by precipitating the Cu by P'e, 
final liquors can be obtained which can be worked for red and 
black iron paint. The residue from lixiviation goes to ti>e 
iron-smelting establishments. 

Parent (Fr. P. 411863) calcines pyrites-cinders in special 
hearth on the top of the burner, or on the uppermost shelf of 
the burner, after mixing them with dilute sulphuric acid or 
finely powdered pyrites ; in one or two hours the copper js com¬ 
pletely soluble. In a later pate-it he claims the employment* 
of ferrous and ferric sulphate and sulphuric acid for mixing 
with the cinders, and the employment of two chargirg-hoppers, 
one for feeding the sulpjiating hearth on the top and the other 
for delivering material to be desulphurised to the hearth bekiw. 

Kothny^ finds temperatures between 500° and 600° most 
suitable for the calcining of pyrites-cinders with salt; cf. supra. 

Evans (U.S. P. 1207670) treats the ore containing copper 
with an aqueous solution of nitre cake, the proportion of'this 
latter being 50 per cent, of the copper content of the ore. 
The metal is subsequently recovered in the usuaj way. 

Christensen (U.S. P. Ai310351 ; B1316352). <A) Copped 
ore is lixiviated with a solution of sulphur dioxide. The 
leaching .sb'ution is kept fi'ce from sulphates by exclusion 
of air, and thd formation cf CaSO^ is prevented by addhig 
metallic copper to the solution, which is boiled tp expel exdessi* 
of sulphur dioxide, this being used again. A precipitate of 
cupro-cuprit sulphite separates during the boWing process. 
(B) The ore is treated to .convert the* cojfper inttf cuprorcupric 
1 Chem. 'Zeit., 1908, pp. 5-7. * Chem. Zeit. Rep., 1911, p. 4 > 7 - 
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sulphite, which separated from the remaii#der of the ore by 

a flotation process. The accumuiation of iron in the solution 
is preventecNjy the addition of lime or limestone. 

Leaver (U.S. P. 1312488 of 1919) uses a rotary drum 
of special ccjpstruction and sulphurous aci^ for* the leaching 
agent, the temperature being maintained so that the SOj is 
on^ sliglftly soluble in water. The presence of (?xygen 
convflits the sulphite into .sulphate, the copper being wcovered 
as such. , 

Wm. ]^. Greenwalt (U.S. P. 1328666) also uses sulphurous 
an*d sulphuric acid as a solvent for copper, and electrolyses the 
solution thus obtained, the sulphurous acid liberated being 
of advantage to the process. Sulphuric acid is also formed, 
making the process self-sustaining. 

• A^ Anaconda, tailings containing only o-6o per cent, ol 
copper are dealt with in huge quantities. They arc firstly 
oxidiseci by roasting, then leached successively with 
(fl) Weak liquors and common salt. 

{b) A weak liquor and sulphuric acid and salt. 

, (*) Another similar solution. * 

• (^J') Hot water. % 

The silver is also recovered along with the coppef, by use 
of scrap-iren. The cement copper, containing /C^ per cent, of 
the metal, is briquetted and then furnaced. 

E. R. Weidlein (Assignor to Metals Researclj Co., US. P. 
1089096; B. P. 101339 of 1914) leaches copper-ores 
with sulphuric acid giving a solution containing not more 
than I per cent, of free acid and prefegrably i-f per cent, of 
copper. The solution is then neutralificd’and the copper pre¬ 
cipitated almost quantitatively with sulphur dioxide under 
pressure. Aft^r separating the copper, the residual liquor fs 
flsed to extuact a further quantity of coppdr from the oje. 

Hdpfner (Gef P. 66096) adds to the copper-liquor so much 
NaCl o« CuSO^ that the proportion^Na^SO^T CuClaj* attained ; 
thetj he adds jnetallic copper, whereby ay the copper is precipi- 
•fftteH as cuprojis chloride^ together with the silver as metal. 
From the mother-liquor, sulphate of soda is reco\ferable. cfther 
modifications^f the process are also proposed. • 

P. ^ence * burn? fhe pyrites (fingly ground) in a furnace 
1 Cf. Alkali Inspector's Report, 1877-1878, p. 48.* 
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provided with n[i(!:hanical stirrers that plough up the ore into 
ridges, making a change of surface every two and a half minutes. 
He asserts that in this way he burns 3 tons of ore i.i a furnace in 
a day, and renders all the copper soluble to 0-24 percent. ; thus 
‘he is able t* wash out the copper salt and av9id the subse¬ 
quent roasting with common salt. As much as 4-6 per cent. 

. of sulphuric acid is left in the ore, rendering the copper soluble. 
H. and Ch. H. Hills (B. P. 1621 of 1878) separate the Ooarse 
and fine portions of pyrites-cinders by sifting. JThe fine portions 
are calcined with salt in the usual manner ; the coar^se portions 
are lixiviated with dilute hydrochloric or sulphuric acid, and ftie 
copper is precipitated from the liquor by means of iron. 

Another process was patented (in 1873) by Baron Leithner 
in Austria.* The burnt ore (in this case containing about 
I per cent, of copper) was to be smelted with 36 pe^ c^t. 
calcium hydrate in a kiln heated by the waste gas of a blast¬ 
furnace ; the product was to be smelted for pig-irog, wljich 
now contains 2-09 per cent. Cu, and this was to be used for 
precipitating copper; so that its own copper was utili.sed 
as well. ■* ^ 

Some British patents of Masf-n’s (2984, 2992, and 2993 
1877) seem to contain nothing new of any importance. 

The whole of the processes connected with the we* extraction 
of copper, as far as published up to the end of 1878, and 
including m"ny proposals or actually employed processes* not 
mentioned here (because they do not refer specially to the 
treatment of pyrites-cinders from sulphuric-acid works), arc 
described in'a conderrsed form by Bode.^ 

Hargreaves and Bob'nson (B. Ps. 5601 of 1886 and *3704 
of 1887) treat the pyrites-cinders, obtained in the usual 
ihanner, in a closed chamber with fire-gases ancj excess of air, 
in order to burn all'the residual sulphur; the mass is allowed 
to cool down to the point where no cupric'chloride can be 
volatilised,, and is fhen treated with gaseous HCl til! it is 
sufficiently decomposed. It is then lixiviated ^with water in 
tanks, after being moistened with strong hydrochloric Jfcid)* 
the residual ferric oxide is obtained in lumps, which are 
immediately ready for the blast-furnace. « 

1 DingUpfilyt.J., 2i'i, 349*. 

2 Ibid., 231, 254, 357, 428. 
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Pezzolatb (A^istr. P. 3882) mixes the cinddrs with 2 per cent. 

coal, and h^ts them with exclusien of air. The cooled and 
ground proOTct is brought under the action of a magnetic ore- 
separator which takes out the iron compounds, together with 
the copper ; (jom the acid solution the copp<y is pfccipitated bjt 
metallic iron, and ferrous sulphate is recovered from the solution 
left behind. • * , 

Ttxier (Ger.»P. 209508) extracts copper and othe» metals,* 
except gold, froja pyrites-cinders by treating them with chlorine 
in statu nij^scendi in an acid solution at 70° to 80'^ e.g. by mixing 
th^m with 2 to J per cent, bleaching-powder or^adding sulphuric 
acid or tepid hydrochloric acid. 


General Remarks. 

• • 

In laying out a copper-extraction works the levels must be 
ca»cfulljf attended to, so that the very large quantities of solid 
and liquids may be easily transported. 

At several of the copper-works in Sweden which the writer 
visited,)* 1919, the following arrangement of the Ramdnia 
System wa.s inspected :— % 

Electrically controlled bucket-grabs (on overhead'platform 
with railsf on which the crane could travel) unloaded the 
cinders from boats or trucks, and convened them to large silos* 
holding several thousand tons of ore. In this vr^y a uniform 
mixture was po.ssible. 

The stores were undei» cover, thus keeping the ore dry and 
preventing the loss ®f copper. * » * 

from the lowest portion of the st*re.fhe cinders gravitated 
to a bucket elevator, which carried them to the grinding-mill, 
which in eigli,t hours ground sufficient to keep the furnae'es 
^oing for twenty-four hours. * • ' ^ 

After screerdng, the material was conveyed to a weighing- 
machine, and the salt (also weighed autoTnatically]^wa» mixed 
witji it, and tjjence it was carried by another butket elevator to 
■ • 4 he*hoppers cqmmanding^the calcining fuinaces. ^ 

After calcination the hot ore was talren dirett to the Ramdn 
pre-leacher, fnd from this it gravitated to a stora^ bin, from 
which U was 1:onve)*eW tet the lixivis^ion tanks by a travelling 
crarjp with grab-bucket arrangement. 
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These tanks (Vere built of reinforced concretes and held 
about 8o tons of furnaced ore, as described p. 518. In this 
department only one inan was employed per shift lor an output 
of 150 tons of cinders per twenty-four hours. The crane also 
Vemoved the linished product, and was only operated during the 
sixteen hours out of the twenty-four, whilst only one man per 
,,shift was necessary for the process of leaching. " ''' 

■ The liquor from the leaching-vats was then pumped into the 
store-tanks commanding the revolving precipitator (described 
p. 523). 

The precipitated copper, after being filter-pressed and 
washed, was dropped into bogies below on tram-lines, the 
precipitate being conveyed direct to the smelting department, 
or to the drying-sheds when the material was required for sale 
or for transporting to a distance. , 



CHAPTER IV 


THE PRODUCTION OE SULPHUR DIOXIDE 

A. From Sulphur 

The simplest sulphur-burners such as were formerly employed 
in Enj^land consisted of a brick chamber covered with an arch, 
the bottom beint; formed by a cast- or wrought-iron tray, about 
4' X 6 ' or 8', the two long sides and back having vertical sides 
3" high, but the front flange at an angle of 45° for removing 
the ashes easily. The door had a slide or a chain and balance- 
weight arrangement for regulating the amount of air entering. 

Sulphur was burned at the rate of i \ lb. per sq. ft. per 
hour. 

Davis' states that up to 2 lb. of sulphur can be burned per 
sq. ft. per hour, but Lunge in his fourth edition, p. 393, 
says that this is more than the maximum he ever found in 
practice. The writer, however, was able to burn much 
greater quantities by charging the sulphur at frequent intervals 
and in small quantitv, with occasional stirring. It is advisable 
not to reckon upon^more than the latter amount unless there 
be considerable agitation of the molten ma.ss by mechanical 
or other means. ' 

Later, sets of these burners were placed together in the 
form of the “ smalls ” pyrites burners described elsewhere, and 
these afe still in use in this country (1922). 

Lunge mentions the fact that nitre pots were inserted 
amidst the burning .sulphur by me'Ans of large tongs, and the 
nitre and acid added by guesswork.' He also describes 
burners covered with evaporating pans, but the reader is re¬ 
ferred to his fourth edition for the interesting development of 

* Chm. Eng., 2, 123. 
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the sulphur furnaces, for we shall confine our attention to the 
more modern plant. • 

A type of sulphur-burner is de.scribed by Miles and 
Sarginson ' which was used at Qutfcnsferry during the War. 

Fig. 16 is a vertical section of the burners which were 
built side by side in a block of twelve. 

The sulphu^- was charged into the iron pan, P, in sheet-iron 



scoops, once an hour, the sliding door, D», being opened and 
closed as quickly as possible. Air was draijvn throuf^ a small 
adjustable orifice in the door in amount ju.st sufficient to cause, 
by its combustion, the regular boilipg of the sulphur (the 
burners were of course worked under suction). Air which had 
been to some extent pre-heated in the flue, F, was supplied by 
the port Pj, always fully opened, jnd additional air could 
* J. Soc. Chtm. Tnd., 1922, p. 183T et sef. • 
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admitted, if sublimation was feared, by the ports pj and pj, 
in front of the block. The sulphur vapour and air were 
thoroughly mixed by passing through the fire-brick chequer- 
work. Each burner had Its own stack of chequer-work, 
divided from.thosc on either side by a partition wall, but the 
flue Gj, above the stacks, was common to them all. Between 
the flues and G^ were arranged adjustable^ .slides. Si, Sj, 
etc., in order that the suction should be equal on dll fires. 
The relation of these two flues was found to be an important 
feature of the burners, and can be more clearly seen from 
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Fig. 17. 


Fig. 17, which i.s. a diagram of a horizontal section taken along 
Aj, Aj, Ag, A4 of Fig. 16. The suction along the main flue, Gj, 
will increase in the direction of the arrow, and it is easy to 
sec that to have the stmc suction on each fire the ports, Sj, Sg, 
Stc., must be less and less open as we pass in the direction 
of the arrow. Tho slides were adjusted accordingly and the 
adjustment tested by applying a delicate manometer to the air- 
vent of each door ifl succession. With sulphur charges of 65 
lbs. per Burner the, suction was abdut o-iyo in. of water, and 
did hot vary from one pan to another more than o-ci in. 
unless a fire was at a period of maximum burning, when the 
suction at the door was always lessened. 

Graphs are also shown giving the percentage of SOj at 
various periods after charging, and details of the precautions 
taken to obtain a gas of regular composition. 
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Humphries' Sulphur-Burner .—It is claimed that this burner 
gives complete combustion of the siJlphur and has a high capacity 
with an clastic range. It is made in metal in sizes for burning 
from I to too lb. per hour. Faeilities are provided for with¬ 
drawing the grate or tray for cleaning, and a sight-hole for 
inspection purposes is fitted. 

Thc^ maker* is H. P. P. Humphries, 14 Old Queen Street, 
S.VV.i, who has supplied a considerable number of the.se 
turners. P'or large burning capacities the same principle is 
adopted in furnaces constructed of suitable refractory materials. 

Humphries (B. P. 11750 of 1912) divides the burner by 
means of a plate into an upper and lower chamber, connected 
by a narrow passage in the plate. The latter may be made 
hollow to permit of the circulation of cooling water or air. 
The sulphur is burnt in a tray in the bottom chamber, the air 
for this purpose being heated up by circulating round the tray. 
The sulphur is charged by means of a hopper and an e.xtcnsion 
passing through the upper chamber and the plate into the 
bottom chamber. 

The sulphur-burner of Hinske, Rothschild, Assignor to 
Valley Iron Works (U.S. P. 1149765), is made in cap;i,cities of 
from 250 lb. to 12 tons per twenty-four hours, and the following 
is a description of the 9-ton burner ;— 

It is of the round vertical type, thc»top forming a dome or 
cupola, on the top of which, and partly entering the burner, is 
a melting-kettle. The casing of the burner i.»of steel and the 
inner lining of firebrick. • 

The inside is provided with a nuirtber of iron trays or 
shelves, each of the chambers being provided with a door of 
an upward swinging type, admitting the air from the lowe.st 
part of the doors. Each door is provided with a damper hole 
through which the flow of sulphur and the colour of the flame 
can be observed. The air moving against’ the flow sulphur 
makes it burn very rapidly.’ P'rom the burner, the gases pass 
through a so-called comt(pstion chamber, which consists’of a 
slotted pipe with a damper arrangement, wherein the sulphur 
fumes undergo a final coihbustion. 

The gas outlet consists of two parts: the first is an 
elbow, extending into the burner gnd forming an arch for the" 
brick lining; and the second consists of ar round iron pipe, 
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oblong-shaped at one end, to conform with the shape of the 
elbow. ' 

The sulphur is placed in the melting-pot at the top of the 
furnace and a fire started cr.i the uppermost of the series of 
trays. A handful of oiled waste is all that is necessary to 
start the process of melting the sulphur. The needle-point 
valve in the bottom of the melting-pot is opcoed slightly, re¬ 
leasing the molten sulphur on to the flame below. . 4 s the 
sulphur begins to burn the heat increases, and as the melting-po^ 
is located in the hottest part of the burner the sulphur melts 
very rapidly. Gradually the valve is opened and the burning 
molten sulphur drips downward from tray to tray, backwards 
and forward.s, until it enters the bottom chamber, where the 
ashes and impurities collect. 

Although the sulphur fumes may leave the burning-chamber 
in a state of semi-combustion, complete oxidation will take 
place in the combustion-chamber. When the sulphur-gas 
reaches the outlet pipe, the air rushes in from all sides, mingling 
with the gas thoroughly and oxidising it with a bright blue 
flame. 

The floor space occupied by the burner is very small, and 
no auxiliary combustion-chamber, steam, or power is reejuired. 

The percentage of the gas leaving the burner is said to 
reach l8 per cent, without sublimation taking place. 

The revolving sulphur-burner of Tromblee and Pauli (U.S. P. 
No. 749311) (supplied by the Glens Falls Machine Works, 
Glens Falls, New York) is recommended in advertisements of 
the technical journals'as one of the best for this purpose. It 
consists of a horizontal cylindrical iron shell 8 feet long and 3 
feet in diameter, with conical ends, revolving on its axis once 
in two minutes. At one end is a hopper and worm feed with 
sliding dampers. The other end connects with a rectangular 
cast-iron.* box of 37 cub. ft. capacity, provided with sliding 
damper and vertical cast-iron uptake pipe. This pipe leads 
to a brick dust-catcher, such as is o'^dinarily used with pyrites- 
burners. The dust-catcher merely cools the gas, as no ap-' 
preciable amount of sulphur is carried beyond the combustion- 
box. 

The burner is rated ah 5500 lb. per day, but there has 
been no difificulty'in burning 6000 Ib. per day. Before feeding 
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to the hopper, the sulphur needs no other preparation than 
breaking up large lumps with a ihovel. When forced along 
by the worm, the sulphur melts just before it drops into the 
body of the burner, and a sufficieiit amount of melted sulphur 
is always present to form a complete liquid coating on the 
inside of the shell as it revolves. The combustion-box and 
vertical uptake«complete the combustion of any sulphur which 
is volatilised from the cylinder. 

• The special advantages of this burner are ease in controlling 
composition of gas, low cost of upkeep, and freedom from 
losses. Once in about two months it is necessary to clean out 
the dross which collects in the cylinder. To do this, or to 
prepare for a shut-down for repairs in any other part of the 
plant, the sulphur charge is allowed to burn out completely. 
Any residue in the cylinder is then easily removed by a hoe. 
Starting the burner after cleaning, or even when it is cold, is a 
simple operation, and no losses occur. 

The best results are obtained under a constant sulphur feed 
and proper regulation of dampers, which allows a very persist¬ 
ent and complete combustion, forming a uniform gas, free from 
sublimation, being easily controlled between 5 per cent, and 
I 7 per cent. SO,^. 

T. A. Clayton, I’aris (B. 1 ’. 141661), describes a burner 
in which .secondary air is delivered «ito the space between 
baffles arranged above the hearth or pan for the sulphur, and a 
bo.x-like baffle or deflector is provided at tfv; secondary air- 
inlet to prevent a back.flow of gases into the combustion- 
chamber. • 

His further patent, No. 166961, d scribes a burner in 
which the complice combustion of the sulphur is cffcctec* 
without a risk of choking the conduits with uncombined 
sulphur. The air is directed upwards and downwards by 
means of a tubular element having openin|;s or nozzjes. The 
hopper feed is arranged in the crown of the, furnace, tfie down¬ 
ward passage of the sulply.ir being uninterrupted by any baffle 
plates as is usual in sjmilar apparatus. 

Ellis (U.S. P. I285f4i7).* The burning - chamber for 
sulphur is of firebrick, and has an inlet and outlet, being 
supported on a bed of reinforced ci^ncrete which is enclo.sed b^. 

' J. Soc. Chein. Ind., 1919, p. 13JA. . * 
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a brick structure having a roof of reinforced concrete. The 
two structures arc spaced apart to effect insulation and permit 
e.xpansion of the inner chamber, and the roof and bed of the 
reinforced concrete are connacted by vertical tic-rods extended 
through the .outer walls. 

Hurt (U.S. I’. I 289783)' describes an apparatus for burning 
sulpliur. An upward spray of molten sulphur is produced within 
the burning-chamber, at the bottom of which a pool of the 
liquid material is maintained, and the ga.seous product?., 
containing a larger proportion of sulphur-vapour, arc conducted 
into the spacious channels, to which sufficient air to effect 
complete o.xidation of the sulphur is supplied. 

Pintsch (Ger. P. 295747 of > 9 ' 5 ) ' uses a vc.s.sel shaped 
like a filter funnel, which is fitted into a cylindrical oven 
divided laterally into two parts, the cone of the funnel being 
in the upper and the stem in the lower compartment. The 
sulphur is melted in the conical part, which is surrounded by a 
hot oil-jacket, and falls on to the hearth of the lower com¬ 
partment, where it is burnt, the gases which enter the upper 
part serving to keep the sulphur melted. There is an exit 
pipe in each compartment, and, by adjusting the draught, the 
sulphur can be regulated at the requisite tempeiatiire. 

Mclntyre{\].S. P. i 303 jqSjdescribesadown-draughtsulphur- 
burner consisting of four chambers, the uppermost serving as a 
supply chamber for sulphur which is melted by the heat below. 
Liquid sulphur is; run into the lower shelves, which are connected 
by openings at opposite ends. A layq; of melted .sulphur is 
retained in the second- and third by a rim at the opening, while 
the excess of sulphutivvill collect on the lowest shelf. Air is 
"supplied through the six adjustable dampejs, and the SOj is 
drawn through the pipes at the bottom bed. The whole furnace 
is surrounded by a jacket having sliding dampers, through 
which thg air-.suppiy must pass while the burner is in opera¬ 
tion, thu 4 pre-heating the air by dontact with the hot walls. 
Numerous sight-holes arc provided _so that the colour of the 
flame can be observed and the air regulated accordingly. It is 
claimed that sublimation is avoided by this construction. 

Kroioff P. 128549 of 1918) claims the following:— 
Sulphur in a finely powdered form is passed through a pipe 
1 J. Soc. Chem. Ind., 1919, p. 135A. “ Ibid., 1917, p. 646. 
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into the furnace, and burned to sulphur dioxide by air-blast 
injected through another pipe. The burning gases pass back¬ 
ward and forward through a series of concentric tubes, placed 
horizontally, and a gas high in su^jhur dioxide is finally dis¬ 
charged through an outlet provided at the opposita end of the 
furnace. 

Coombs (U.S*. P. 1147376) burns sulphur in a chamber 
containing a retort into which molten sulphur is run con¬ 
tiguously ; a jet nozzle, supplied with a regulated air-current, 
and in open communication with the retort and chamber, directs 
a flame jet on to the bottom of the retort. 

Descamps (I?. P. 100939 of 1916) dc.scribcs a furnace for 
obtaining a mixture of SOg and N by means of dry air.' 

Hunt (B. P. 18895 of 1911) provides a self-acting con¬ 
trivance for the introduction of air. P'rom the main air-pipe 
a pipe is branched off leading directly into the combustion- 
chamber, which contains a thermostat for regulating the air- 
valve. 

Rossiter (Amcr. Ps. 1038442 and 1039812) employs a 
revolving drum, with a gas outlet at one of the ends, connected 
with an aspirator. Within the drum there is an inner drum 
connected with it for revolving ; here the sulphur is burned. 
The annular space between the drums receives the heat 
radiated from the inner drum. The latter is provided with air- 
inlets and with gas-outlets, passing into the annular space, 
where more air is introduced in order to burn the subliming 
sulphur. • 

Brochon (Fr. P. 355252)" burns sulphur (or pyrites) with an 
excess of air under such pressure that che product consists 
partly of strong sulphuric acid, and even, under favourable' 
conditions, of SO3, at least in the early stage of the process. 
The powdered sulphur (or pyrites) is blown through a vertical 
tube into a horizontal tube, narrowed to a small aperture, and 
removably fitted to the wall of a chamber. .Air under pressure, 
say 10 atmos., is forced ii\ through the horizontal tube, Both 
from its bottom and frpm the end, supplying an exce.ss of air. 
The vapours escape through a narrow channel at the farther 
end of the combustion-tube into condensing ve.ssels, or into 
ordinary lead-chambers. , «• 

^ /. Soc. Chem. Ind., 1916, p. 963. ® Ibid., 1905, p. 1171.* 
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The Schulte ami Koerting Co. in Philadelphia supplies a 
sulphur-furnace, shown in ^'ig. i 8, made entirely of cast-iron. 
The lower part contains a pan in which the sulphur burns. 

A steam-jet exhauster a draws the gas through the cooler b, 
placed above the pan, and discharges it under pressure of about 

10 lb. of water through the 
outlet piper. ,Asthe exhauster 
1 creates an inward suction, 

there is no escape of smellifig 
1^— gases from the furnace. The 
object of cooling the gas {d 
shows the water-inlet) is to 
protect the exhauster (which 
is paitly made of lead) and 
to prevent the gas from reach¬ 
ing the saturating-tanks at 
too high a temperature. By 
taking off the top cap, the 
exhauster and the whole 
apparatus is acce.ssible for 
cleaning and renewals. This 
furnace is made in three sizes 
for burning lO, 20, or 40 lb. 
of sulphur per hour, and is 
specially intended for the 
manufacture of sulphites. 

Lyman (Amer. P. 91 17 3 5 ) 
attains the complete combus¬ 
tion of brimstone by running 
the melted S, together with 
. air, into a chamber, so that 

the S is converted into spray and intimately mixed with 

the ^ N 1 

The Sacksenburger Maschinenfabnk (Ger. I. 196371) de¬ 
scribe the sulphur-burner shown in Fig. 19. The sulphur is 
introduced at i, and ignited through the opening air being . 
supplied by pipe a. The SO^ escapes by pipe b. and molten 
sulphur collects at the bottom of the furnace. Fresh sulphur is 
introduced through c into the funnel /, the lower end of which is 
luted by the molten sulphur in c. The upper portion of the 
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funnel is water-cooled by the tank o. Compressed air may be 
introduced into the pipe b, to burn dny sulphur sublimed there. 

C/arb (Amcr. I’s. 952098,952099, 952100) admits hot air 
into the sulphur-burner, in order tw effect the combustion of 
any vaporised sulphur, and keeps the gases at about 1100°, 
in order to decompose any SO3 that may have been formed. 

His furnace comprises a preliminary combustion-chamber, and 
a second combustion-chamber into which the jiroducts from 
th? first chamber are directed. Means arc provided for the 
admission of hot and 
cold air, and for the 
regulation of the fur¬ 
nace temperature. 

Grtnim's sulphur- 
burner (B. r. 10774 
of 1909; Amer. P. 

957418) consists of a 
combustion - chamber 
suspended in the upper 
part of a metal jacket, 
through which water is 
made to flow. The 
sulphur is contained in 
a loose tray, slightly 
raised above the floor 
of the chamber, and i,„,. 10. • 

air is supplied under • 

pressure. The gas passes out of the furflace and then back 
through a number of cooling-pipes situated in the lower part of 
the jacket; any proportion of air may be mi.xcd with it by 
means of a valved by-pass from the air-supply pipe. Molten 
^sulphur may be supplied as required from above by means of a 
screw valve. The supplies of air and sulphur are thus^ under 
perfect control, and any desired temperature may be main¬ 
tained, gas of any desireej, concentration being continuously 
produced. . 

Westgate’s burner (B. P. 17348 of 1909) is very similar to 
the preceding. 

Contaviin (Amer. P. 996215) employs for the production of •• . 
SOjj for fumigating, etc., a combustion-chambir containing 
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superposed plates to hold the burning sulphur and baffle-plates 
to give the gases a zigzag* course through the chamber; then 
follows a chamber with cooling-pipes around which the gas 
flows ; from this the gasesrpass through a pipe with reticulated 
terminus ir>.to a dust-chamber, provided with baffle-plates, from 
which they are taken by means of a pump into a refrigerating- 
chamber containing baffle-plates and cooling-pipes. 

Od(io{V>. r. 2 1255 of 1908 ; Ger, P. 225321 ; Fr. P'. 397450) 
describes brimstone-burners, similar to the Maldtra ^nd 
Herreshoff burners for pyrites smalls, both for operation by 
hand, and in circular mechanical furnaces with four stories, 
provided with a vertical spindle with radial rotating arms. 

He discusses his processes for utilising raw brimstone ores 
directly for the manufacture of sulphuric acid in Chan. Zeit., 
1910, pp. 505-507, 514-515- 

Stebbins (Amer. P. 934700) supplies fused sulphur to the 
burner automatically and continuously, without opening the 
front door, which always causes irregularities in the entrance of 
air. The proper quantity of air is constantly introduced, and a 
mixture of SOj and air of perfectly constant composition is 
produced. 

Thalin (Norw. P. 20450) burns sulphur-vapour with the 
requisite quantity of air in a revolving drum ; the non-oxidised 
sulphur-vapour is precipitated in a special chamber and 
burned. 

G. R. Miller. {kmzK. P. 1018255) provides brimstone-burners 
with an automatic feeding arrangement, and with a mechani¬ 
cal agitator operating beneath the surface of the burning 
sulphur. ”■ 

Feld (B. P. 21996 of 1911 ; Ger. P. 262326) describes an 
apparatus in which the sulphur is burned in two stages, the 
sulphur being volatilised in a horizontal bottom chamber, where 
part of it is already burned ; the vapours go into another, 
perpendicular chamber, placed above the bottom chamber, 
where they arc burned. The top .chamber is surrounded by a 
pipe ; the air serving for the combustion of the sulphur passes 
through the concentric space thus formed, where it is prc-hcated, 
and enters below into the chamber by a slot. In the centre 
of this chamber there is a perpendicular pipe for supplying the 
brimstone. . 
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Whalen (U.S. F. 1065750) passes the gases from the sulphur- 
burners through a chamber provided with interchangeable 
partitions, where they meet air, so that any sulphur carried 
along is here burned. ^ 


Temperatures iu Sulphur-Burners. 

« 

Stefano Fagliani ’ states that the theoretical temperature at 
which sulphur burns in the calculated proportion of air is found 
to be 1616" at constant pre.s.surc, and 2000° at constant volume. 

The calculated maximum temperature attainable by the 
combustion of sulphur in the quantity of air required to yield 
burner-gases containing about 10 per cent. SOg is 900°. The 
author measured, by means of a Le Chatelier platinum-rhodium 
thermocouple, the temperature in different parts of the interior of 
a sulphur-burning furnace of simple construction in a sulphuric- 
acid works. In one case the temperature in the space above 
the burner pan or plate was found to be 340° 10 minutes after 
charging, and 495° after 85 minutes ; in another case it was 370“ 
after i 5 minutes, and 420° after 25 minutes ; and in a third case 
520" after 90 minutes. The highest temperature observed, viz. 
550", was in the discharge conduit leading from the furnace 
to a dust-chamber. In furnaces for the extraction of sulphur 
from crude native sulphur by the heat developed by combustion 
of a part of the sulphur itself, the most suitable temperature is 
about 330°-34o'’. The low efficiency of such furnaces is due 
to the need for using such a*large excess of air that the ignition 
temperature of the sulphur does not cxcettd about 340“; the 
ignition temperature is about 250° with a large excess of air, 
445° in air containing 5 per cent. SO^, and 465° in air containing 
10 per cent. SOj. 

Some interesting tests were made on the Vesuvius sulphur- 
burner {infra, p. 309) installed at Marathon Paper Co.,Rot^l]schild, 
VVi.s., for the temperatures of the burner-gas i/i the combustion- 
chamber, and the pyromete,', tests were made in the following 
manner ;—One hole was drilled in the gas-outlet pipe twelve 
inches below the oxidiser,' and another about twelve inches 
above the o.xidiscr. 

* Ann. Chim. applicata, 1915, 4, 75-81 ; J. Chem. ..W'.,,i915, 2, 766.„ 
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Six Tests mnde on the Loiver Hole. 



• OutRiile 

Insifte 


TcinjteiJittirp. 

Tenijicratnrp 

1 st 

. . • . 74° 

730° 

2ncl 

■„ ■ <^4 

470 

jrd 

64 

430 

4 t]i 

. 67 

440 

5lh 

. 72 

460 

6 tii 

. 72 

r 47 o 


Tht ee Tests made in Upper Hole. 

1st 

62° 

460° 

2 ml 

. . . . 85 

690 

3rd 

. . . . 85 

685 


The tests of SOj by volume duriiif^ the pyrometer tests were 
17 per cent., 17-5 percent., 18 per cent., and 18-5 percent. 
1 iowever, when the pcrcentatje of SOj incrca.sed above 18 it 
would .show sublimation of sulphur. 

Residue ft out Sidl’hur-Burncrs. 

The following analysis of the residue from the sulphur- 


'S has been made by Richardson ’ :— 


Sodium sulphate^ ..... 

■ I 3'77 

Calcium sulphate..... 

. 28.49 

Cal( iurn silicate ^ ..... 

• > 5-91 

Sodium silicate ...... 

1.10 

Ferric oxide and alumina .... 

2. 80 

Water and stilpluinc acid ^ . 

• 13-05 

Insoluble. ....... 

. 24-29 

(1 

99-41 


The amount of residue being very small, it is quite possible 
to judge by mere inspection whether the 'combustion has been 
perfect or not. In doubtful cases a sample is tested for free 
sulphur by heating in a porcelain capsule, or by oxidation with 
aqua r-tigia. 

Cooling the Gas from Sulphur-Burners. 

If these gases are to be employed for the production of 

t Richardson and Watts, Chemical Technology, i (5), 198. 

2 The sodium sulphate and the free sulphuric acid (or rather the acid 
sulphate) evidently come from ,'he nitre-pots boiling over. 

- * The lime no doubt comes partly from the brickwork of the furnace. 
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calcium-bisulphite liquor for the manufacture of wood-pulp, 
they must be not merely cooled, but also purified from sulpliur 
trioxide. 

A .special cooling of the gas froiji sulphur-burners for manu¬ 
facturing sulphuric acid (as distinct from that of bisulphite of 
lime) is, as a rule, unnecessary. P'ven where no cooling takes 
place by watcr-^jans, .steam-boiler,s, etc., the gas gets into the 
draught fiipc sometimes at only about too' or 120’, which is 
just sufficient to prevent the nitric aciil condensing before it 
gets into the chambers, a contingency decidedly to be avoided. 
Where water-tanks, acid-jrans, etc., arc used, the temperature 
of the gas is said to come down as low as 40'; in this case 
only liquid nitric acid can be used for the chambers. In 
lllair’s or Glover’s continuous burner the temperature certainly 
rises much higher ; and in this case a cooling arrangement was 
formerly thought indispensable, before means had been found 
of utilising the heat of the gases in a Glover tower or otherwise. 


/>’. Sulphur Dioxidk prom Pyrites 
1. Breaking the Pyrites. 

The pyrites imported into this country is of such a size as 
can Ire conveniently fed into the ordinary jaw crusher, and 
is of sufficient purity to render a previous separation from 
ganguc quite unnecessary. 

Several firms known to the writer still cYush by hand, 
using heavy sledge-hammers to bring down to 6-inch pieces, 
and then finishing with the light knapping hammers. The 
mechanical method produces much more “ fines,” in some 
cases at least double the amount of that formed by hand¬ 
breaking, the explanation being that, in the latter case, the 
fracture follows a certain natural cleavage which leaves the 
ore otherwise intact, whilst in the former method the irvachine 
tends to shatter the ore by starting fractures iii several directions 
where it docs not actually produce a cleavage. 

Jaiv Crushers. 

The Blake Crusher appears to be the earliest machine of ^ 
the jaw type, being introduced over fifty ycarj ago by 
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American of that name. This type has been the standard 
ever since, and is generally .used for the rough breaking of ore, 
reducing it down to pieces from 2-inch to as low as |-inch 
according to the adjustment of the jaws. 

The sizc.s of the jaw openings range from lo" x 6" in the 
smallest commercial machine to 84" X 60" in the largest. 

The larger breakers arc not, however, suitable for making 
so fine a product as the smaller machines, their function being 



Fio. 20 .— Blake Crusher. 


that of sledging the material preparatory to feeding the 
breakers that carrj out the secondary reduction. 

Thtt: growing adoption of steam shovels and mechanical 
diggers calls for these “ slcdgcrs,” so as to maintain continuity 
of operation in the mechanical handling of material to the 
exclusion, so far as is practical, of manual labour. 

Fig. 20 illustrates one of Messrs Hadfield’s machines with a 
jaw opening of 30" X 18". This is capable of crushing 40 tons 
of Spanish ore per hour clown to 2", the product being in the 
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proportion of 34 tons of the larger size, with “fines” equal to 
6 tons passing through I" mesh ; t)n some of the Norwegian, 
such as Orkla ores, however, the output would probably be 
half the amount mentioned. , 

Other makers of this type of machine are : •Broadbent; 
Marsden ; Pluvcr Crusher Co. 

. • 

^ Gyratory Crushers. 

About thirty years later a type of gyratory crusher was 
introduced, consisting of a vertical spindle with a conical head 
attached, which is set inside a very massive frame, circular in 
plan. The shaft is set up into an eccentric bu.shing or bearing, 
to which the gearing is attached, the effect being to give the 
spindle a gyratory motion varying in stroke with the size of 
the machine, from ii"to 3" at the bottom of the spindle. 
The ore is brought directly into the hopper, the circular head 
serving to distribute the material. The crushing movement 
commences at the top, the ore being gradually reduced in size 
until it reaches the narrowest point between the crushing 
head and concaves, and then passes out. The crushing faces 
of the machine are lined in segments made of manganese steel. 
Several sizes are on the market, varying in capacity from 150 
tons down to 4 tons per hour. A typicai machine is illustrated 
in Fig. 21, and is made by Hadfield’s Ltd. 

This machine has the advantage of larga capacity with 
small consumption of power. 

The Blake type of crusher is supericjr so far as concerns 
the size and shape of the feed opening,'and the ease with 
which it may be repaired and overhauled. 

Symon's Disc Crusher .—This machine m also constructed 
by Hadfield, Ltd., and is known by the name of “Hecla” 
(Fig. 22). 

A new crushing principle is embodied is the design. As 
the name implies, the operation is performed between the Iwo 
discs, saucer-shape, ancj set with their hollow or concave sides 
facing each other, thus forming a cavity between. They rotate 
in the same direction, at the same speed, and are supported at 
an angle to each other. The ore js fed through the central. 
feed-spout and is thrown by centrifugal force into the opening 
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where the discs are widest apart. It is carried round by these 
to where they are closer' together and is crushed in the 
operation. The smaller particles fly out from between the 
discs into the encircling rhute, whilst the larger ones are 
caught again until the requisite fineness is attained. 

There are several advantages in this machine over other 



Fio. 21 .—Gyratory Crusher. 


types. The partides are quickly separated and no congestion 
takes place ; the jvearing parts can be easily renewed, and the 
size of particles regulated by adjustment. 

This machine differs from those just de.scribcd, in that its 
principal use is in connection with .ore-mining as a secondary 
machine, or a medium-size crusher, the feed being limited to a 
definite size according to the particular machine used. Its 
output is higji and the material discharged is very regular, and 
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• 9 

where the feed, size, and product desired a»e suitable for this 
machine, its regularity in oytput is very satisfactory. 


'Roll Mills. 

Another class of machines for reducing ore is by the well-* 
known rolls, two such being used, of an • average size «f 


Fig. 22 .—Disc Crusher (sectional view). 
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30 in. diameter by 15 in. to 30 in. wide on the face. 
The faces revolve towards each other at a distance apart, 
varying with the size of the material required. This type is 
chiefly used where the prod>act is desired to be from in. to 

in., and one advantage of this kind of mill is that it produces 
a minimum of “ fines.” 

The faces become worn and then allow a cqrtain amount of 
material to pass through which has to be returned for recrushing. 
This drawback, however, is easily overcome, as the faces c!.n 
be turned down and made true again. Rolls are very suitable 
for grinding the burnt cinders {cf. infra). 


Other Crushers. 

Mansfield Granulator .—This machine has been designed 
for the purpose of reducing all kinds of ore to powder, or it 
can be adjusted to give varying-sized pieces. The construction 
is such that it is almost impossible for it to get out of order. 
The renewal of the wearing parts is very easily accomplished. 
Figs. 23 and 24 show what is termed the No. 2 size. 

The heavy wedge-.shaped hammers hang loosely at their 
e.\tremities on the steel spindles. The screens or grids are 
made of .segments of special alloy steel. The speed of the mill 
is regulated according* to the material to be dealt with and 
degree of fineness required. 

When the mill is in motion, the hammers (notwithstanding 
the fact that they hang loosely on their shafts) fly out by 
centrifugal action an^ make a complete circle in the chamber. 

The material is projected against the plates, and the action 
repeated until it is fine enough to pass the ^screen. 

Should impulvcrisable material by unforeseen circumstances 
enter the granulator, no' harm is done, an easy means being 
provided for extracting it without undue delay. 

The experience on hard pyrites, such as Orkla, has shown 
that this machine will pulverise so as to pass mesh with 
ease. 

The hammers, however, have to" be changed for every few 
hundred tons put through, but this operation does not occupy 
above half an hour. , 

• The ''Dodge"' Crusher has a jaw, the moving force of which 
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is attached to a lever worked from an eccentric shaft by means 
of a pitman, and the action is tcf oscillate the lever upon a 



Fio. 2 . 3 . 


fulcrum pin, so that the greater part of the movement is upon 
the upper part of the jaw. 



This is a departure frpm accepted practice, but the type 
possesses certain advantages. The product is of more uniform 
size and can be easily determined by adjustment. 
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2. Pyrites-ljurners for Lumps. 

Among the apparatus for burning pyrites in the manufacture 
of sulphuric acid, a distinction has to be made between those 
ifltended for. lumps and those intended for smalls. It is in¬ 
dispensable to keep both kinds apart, and to employ different 

apparatus for them; 
for if the broken ore 
is putintothe burner 
without separating 
the smalls, the air- 
channels, which 
ought to remain be¬ 
tween the pieces, are 
soon partly stopped 
up with powder, and 
the access of air 
becomes irregular, 
and proper work is 
impossible. Apart 
from the coarser 
and finer powder 
obtained on break¬ 
ing, a great deal of 
smalls comes into 
the trade direct from 
the mines, obtained 
there by separating 
the ore from the 


gangue. 

‘fV 2i. Where cuprous 

pyrites is roasted 

without any regard to the utilisation of the sulphur, the only 
object Being the extraction of the copper, usually no regular 
kilns are employed at all, but the ore is burnt in “heaps.” 
This was formerly done on an enormous scale in the south of 
Spain ; but the damage to health at.d Vegetation was so great 
that a law was passed compelling manufacturers to abate this 
. nuisance. 

t 

The bummg of pyrites in lumps for the manufacture of 
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sulphuric acid is always done in such a way that the combustion 
heat of the pyrites is utilised for maintaining the process with¬ 
out employing any extraneous fuel. The furnaces are called 
“ kilns ” or “ burners.” , 

For poor ores and intermediate products whifh must be 
treated at metallurgical works (p. 146 et seqi), furnaces are 
required of a ^different kind from the grate-burners now 
universafly employed for good pyrites in lumps. The style 
o> kilns used at the Muldenhiitten near Freiberg is shown 
in Figs. 25, 26. They serve for poor iron-pyrites containing 



Kia. 26 . 

0 

blende and arsenical pyrites, as well as for lead- and copper- 
matte. 

The grate formerly employed at Freibe.^ has been replaced 
by slanting cast-iron plates, i'-. The air does not now enter* 
through special channels, but through tlw: discharging and 
working holes. a shows the charging hopper, c the exit 
channel for the roasting-gases, d opening^ for spreading out 
the charge, e working-holes, / dischargingjioles. Eafh kiln 
roasts about 25 cwt. of pyrites per twenty-four hours ; $ kilns 
are combined in a set.^ T^e sulphur is roasted off to 4 or 5 
per cent, left in the cindere. 

For richer and purer pyrites, grate-burners are employed at 
Freiberg consisting of 3 kilns, with 25 sq. ft. grate surface^, 
each, and a distance of 4 ft. fro*m the movajjle grates to 
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the crown of the arch. Each set roasts about 36 cwt. pyrites 
per twenty-four hours dowiT to 2 or 3 per cent. S. 

The kilns used at Oker are exactly like the Freiberg kilns 
just described. They are of two different sizes—deeper kilns 
(with a lay/;r of ore 9 ft. deep) serve for the poorer ores, 
shallower kilns (the ore lying 6 ft. deep) for the rieher ores. 
The English grate-burners, formerly employee} at Oker, have 
not been found suitable for this class of ores. 

The kilns described above have been found indispensaWe 
for roasting poor ores, matte, etc, where the sulphuric acid 
is a by-product and where the heat generated in the process 
is less than when roasting ordinary pyritc.s, containing at least 
40 per cent, sulphur, usually a good deal more, such as is 
now universally employed for the manufacture of sulphuric 
acid as a principal product. For such richer ores the kilns 
or burners ought always to be constructed with grates and 
ash-pits. This cau.ses a considerable improvement in the 
working of the furnaces. Where the air has merely to pass 
ti^rough a mass of burnt ore, its quantity cannot possibly be 
regulated at the inlet, but only by dampers at the other end of 
the furnace. It is even a more serious disadvantage that in 
this case the subdivision of the air inside the burner must be 
very irregular. According to the greater or smaller resistance 
offered by the individual portions of the layer of pyrites, the 
air will pass through very unequally, and in less quantity at 
the places wherj most pyrites is lying and wheie it is most 
required. The introduction of a grate and a closed ash-pit 
alters the ease at oils'?, as only a definite quantity of air need 
be admitted into rtic ash-pit, and this air must first spread 
'equally underneath the grate and rise all over the area of the 
burner. Thus the. ore is much more completely burnt, and at 
the same time richer gas is obtained, which leads to a better 
working of the chamber-process, higher yield of acid, and 
smaller' 'consumptipn of nitre ; the operation of drawing out 
the burnt ore becomes much more regular and offers a greater 
guarantee against raw ore getting Into it; lastly, it does not 
happen so often that fused masses ■ (“ scars ”) are formed in 
the burner, although in the case of grates this easily happens 
, if the method of working is faulty. 

The introduction of grates led to a diminution of the 
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height of the burners, which made them much handier for 
working. • 

The different descriptions of grate-burners which were in¬ 
troduced into ]£ngland about i86p, and have been employed 



ri<i 'jt. 


up to this day both tliere and in many factories abroad, arc 
shown in Figs. 27-31. 

Figs. 27, 28, 29 show a somewhat simple consKuction, 



, Fiu. 28 . 


which can be made with open sand-castings; Figs. 30 and 31 
a more expensive kind of front plate.s, requiring planing, etc.: 
the latter are much neater and cleaner, because no jointing, 
is required for the doors. Sometimes these, front plates, 
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however, become a little warped, and then the doors are not 
tight without claying up. 

Fig. 27 shows two burners in front elevation and one in 
section, the first burner without doors. Fig. 28 is a cross 
section, showing two rows back to back ; Fig. 29 a sectional 
plan, half taken just over the grate, half through the middle of 
a door, a is the charging-opening, with the doctr which .slides 
in the grooved ledges, c c, provided on the front plate. The 
small door only to be u.sed exceptionally, is arranged Ri 
precisely the same way. The openings of the brickwork inside 
are protected by small metal plates; e is the movable cover 



of the ash-pit, jirovided with air-holes ; f J are the grate- 
bearers ; the front bearers are perforated with round holes, 
while the back bearer/v are cut out in semicircles. The arches 
are sprung parallel \Wth the working-doors, and by th6 draught- 
holes, g g, are in connection with the gas-flues, h h. The 
latter, like the burners, are cased in metal plates; they are 
covered with fire-tile.s. 

A somewhat more costly but better arrangement is shown 
in Figs.'■30 and ,31, in front elfevation and two sectional 
elevations, a is the working-door, with the small slide b for 
observing the interior of the burner; all the metal parts 
coming into contact are machined,' so as to close air-tight. 
The doors c c for the grate bars and d for the ash-pit are 
constructed in the same way, whilst the rarely-used doors e 
and / (the latt(;r for the gas-flue) are made in a similar manner 
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(Fig. 30). The burners are supposed to be the last of the 
row ; so that the nitre-oven g, with*the semi-cylindrical trough 


Kio. 80 . 




/f, the saucer /, and the hopper k adjoin them. The diagran»« .« 
are all on a scale of i to 50. 

English pyrites-burners generally have grates of moderate 
area, about 4 or 5 ft. wide, and 4I to 6 ft. from front to back. 
The inner walls sometimes rise quite perpendicularly ; more 
frequently the two sides and 
the back slant a little out¬ 
wards, up to the level of the 
working-door, to the extent 
of 6 or 9 in. in width, and 
half as nluch in the back; 
from that level the walls rise 

9 

again perpendicularly up to 
the roof. The front wall, 
which is only 9 in. thick, and 
mostly protected by a i-in. 
or i|-in. metal plate, rises 
perpendicularly, and has 
several working-holes. The 

ash-pit has either vertical sides or, preferably, sides converging 
towards the bottom, in order to facilitate the removal of the_. 
cinders. Its depth varies from ife to 24 in. .The level .of 
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the working-doors, which determines the depth of the layer of 
pyrites, varies from i ft. to *2 ft. The height from the upper 
level of the ore or to the abutment of the arch is usually 
about equal to that of the \yorking-door, say to 12 in., and 
from there jup to the crown of the arch another 8 or 9 in. 
The arch itself is cither sprung from side to side, as is the 
custom on the Tyne (whereby the walls are njade to bear the 
weight more equally and the working through the cioors is 
facilitated), or, as is usual in Lancashire, from front to basic 
(which is more advisable in the case of two rows of burners 
being built back to back, in which case the arch is sprung 
over both burners together, with a supporting wall in the 
centre). In any case it is advisable to build the burners 
back to back, even with arches sprung from side to side, wher¬ 
ever it is locally possible ; thus one back wall is saved, the 
heat is kept up better, and a common gas-flue can be employed. 

The gas-flue of the English burners is always at the top, 
each burner-arch having a hole of 4 to 5 in. square leading 
-“’■to it. These holes are not always provided with dampers ; 
but by gradually increasing the size of the holes as the distance 
from the main shaft becomes greater, regularity of draught is 
producc’d. The flue itself can be made of biicks, and covered 
with fire-tiles. Most modern works prefer forming it by a 
second arch, about 6 or 12 in. above the burner-roof, reaching 
right across the whole burner, and supported by the front plate 
being made higl-^ enough. 

The principal feature of the English pyrites-burners, which 
is found in all Continoiital works as well, except in some burners 
for metallurgical piftposes (Mansfeld or Freiberg kilns), is the 



Flu. 32. 


employment of grate-bars of square section, movable in bearings, 
and leaving larger or smaller spaces between them, according 
to their position. Fig. 3 2 represents 'SUch a grate-bar, showing 
also the parts which are forged or machined with a circular 
.section, so that they can easily turn in the respective bearers. 
Bqrs 2 in. sq,uarc are usually made of wrought-iron ; the 
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oblong bars, 2 by 3 in., which, being turned on edge, leave a 
larger space, and therefore only suit larger pieces, are mostly 
of cast-iron. The grate-bars rest on cast-iron bearers, as shown 
in Fig. 33 ; in the shallower kilns (4J to 5 ft. from front to 



p^^aj\j\jxj\ h 

Fio. 


back) there are two such, in the deeper kilns (5 ft. 3 in. to 
6 ft. from front to back inside) three. According to this, of 
course, two or three rounded places must be provided on the 
bars themselves. Lest these should be weakened too much, 
the diameter of the round parts in the .square bars is made 
equal to the side of the square, in the oblong ones equal to the 
smaller side. In any case the front piece of each bar, where it 
projects beyond the bearing-bar, has a square or oblong section, 
so that it can be turned by means of a suitable key or spanner 
(Fig. 34). The spaces between the grate-bars arc mo stly 
arranged so that with 2-in. bars they arc about 2 in. when the 



bars are in the situation shown at a in Fig. 35 ; but if they 
are turned 90“, as at b, the intervals will only amount to i J in. 
In another actual instance the diameter of \he bars was 1 1 in., 
the clear distance in the straight position ij^in., in thc*dIagonal 
position I in. If, lastly, the situation is as at c, where half of 
the bars are turned, the intervals will be between the two above 
limits; and as each bar can be turned separately, many com¬ 
binations can be produced. Usually the bars stand as at b —■ 
that is, all with their diagonals in a horizontal plane, or with 
the smallest possible intervals, so tHat the pioces^of ore cannot 
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fall through. As soon as a portion of the ore has to be 
removed, the attendant takes hold of the front end of the bar 
with his key, and moves it a few times from side to side. Thus 
a kind of crushing action wi^ be exercised on the cinders getting 
between the two bars, the spaces are momentarily enlarged, and 
the cinders jammed between the bars are forced downwards. At 
the same time, by the action of the key, the p;^rites is loosened 
up to a certain height. The workman now goes frorn one bar 
to another and shakes them, according to his judgment, so far 
that an equal quantity of burnt ore is drawn out all over the 
area of the grate. That which has fallen through is allowed to 

- □ □ □ [J □ !^ □ [^ 

d<^ '^ 11 ^ '^|||)’ 

^ U ^ 

Fl(.. 35. 


lie in the ash-pit till the time comes, once every twenty-four 
hours, for opening tfie bottom door .and taking away the 
cinders. 

A shape of bars which was said to possess great advantages 
over the ordinary an|jular ones was patented by W. Helbig,' 
and is shown on p.^222 of Lunge’s second edition, but omitted 
,here, as it seems to have found no practical application. It was 
a cast-iron bar with a worm-thread round it. 

A burner patented by Harlan & Grenshaw (Gcr. P. 100243) 
contains hollow grate-bars, with tapering, narrow chambers, 
rising vertically nearly to the top of the layer of pyrites, so that 
the air enters not Inerely at the bottom above the grate, but 
also higher up, nearly to the top of'die pyrites. 

It is a great improvement if the ash-pit is deep enough for 
introducing an iron bogie below the grate whose top equals 
the whole surface of the grate in size; the ash-pit door, of 

' Dingl. polyt.J., 227, 67. 
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course, must be correspondingly large. The cinders in that 
case fall direct into the bogie, and can be wheeled out in a few 
moments ; otherwise they have to be raked out by hand, during 
which time the door must stand open and much false air gets 
into the burner. Where there are not two rows of burners buik 
back to back, it is possible to charge on one side and discharge 
on the other; but there is not much advantage in this arrange¬ 
ment, wlfich takes a great deal of space. 

• The best and most easily worked arrangement is obtained 
by sloping both sides of the ash-pit, and providing a hopper 
large enough to contain the cinders produced in fony-cight 
hours, so as to avoid their removal on Sundays and holidays ; 
the bottom of the hopper has only a small gate, air being 
admittetl above the hopper through special openings. 

The discharging of the cinders is then expedited by iron 
bogies running on tramway.s, which are in the ash-pits, and into 
which the cinders fall when the gates arc opened. This very 
good plan necessitates a system of tramways and turn-tables, 
as well as the construction of a lower floor-level. 

The capital outlay is a good deal greater, but several plants 
of this type have been built in England and Germany with 
good results. • 

The tilting-boxes described in I.unge’s fourth edition, p. 432, 
offer a poor substitute, being very cumbersome and difficult to 
handle ; they are now rarely used in this country, the workmen 
preferring to use the ordinary hand-barrow, where bogies on 
rails are not provided. 

In order to avoid opening the whole jijsh-pit when shaking 
the bars, all the best furnaces are providec> with a slot in the 
front plate, through which the ends of the bars arc accessible ;' 
except whilst the bars are being shakerr'tijis is closed by a 
door. 

Special Arrangements for preventing the' blowing out of tlu 
Sulphurous Gases. —According to a communication from Mr K. 
Walter, a simple means of preventing the blowing out of gas 
at the working-door during' charging is this: to arrange a flue 
underneath the burners, in, connection with the chimney, which 
is opened during the charging just sufficiently to prevent any 
blowing out at the working-door. Less gas is lost and less _ 
nuisance is produced in this way than is otherwise the case 
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from the working-doors. With this arrangement, the ash-pits 
require only loosely put-o:v wrought-iron doors. 

In England it would not be permissible to discharge the 
gas into the chimney, even for a short time. 

In properly constructed pyrites-kilns, all doors for charging, 
working, shaking of the bars, and getting out the cinders either 
run horizontally in grooves, or, still better, they are hung on 
hinges ; and the door-frame, cast upon the front platd, is made 
to slant forwards below, sometimes also sideways, .so that the 
door lies fast upon it by its own weight. As both the door¬ 
frame and the edges of the door touching it are planed, the 
doors close tight without any luting, whilst those running in 
grooves must be made tight with luting clay. 

All brickwork, so far as it is affected by the heat (that is, the 
walls above the grates, the arch, and the gas-flue), is lined with 
firebricks ; the total thickness in front is one brick, behind (or 
in case of a partition between two rows of burncr.s) two bricks. 
The side walls dividing each two burners of a row are ij or 
ji. bricks thick, but they diminish upwards to l brick. The 
roof should be 9 in. thick. Fireclay should be used for the 
internal lining, and ordinary lime mortar is quite suitable for 
the outside brickwork. 

F. J. Falding' constructs the first layer behind the cast-iron 
front plates of hollou( bricks, so that air-channels are formed 
from the grates upwards to the top of the burner. This keeps 
the burner-room cool and easier to work in, at the same time 
obtaining heat for concentration in acid pans on the top of the 
burners, or for increasing the efficiency of the Glover tower, or 
for supplying the ISiirners themselves with hot air, ".vhich is an 
advantage in some cases. The whole outside of the structure 
is preferably coated "^iGth tar, and in some cases non-conducting 
composition is of advantage. 

Of course, the 'burners arc well bound together, either by 
spcciaf' 'uprights and tension-bars, or by flanges cast to the 
front plates, provided with holes for the cross-bars (Fig. 29, 

p. 330). 

Opinions as to what size the burners 'are to be made vary a 
good deal. Frequently smaller burners are met with, about 
4 ft. 6 in. to 5 ft. from the outside to the inside of the back 
1 hfm. Imi., 7 , 666. 
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wall. The reason given for this is that longer grates cannot be 
served so well, and that in a larger* burner the newly-charged 
ore forms too shallow a layer (the depth of the whole layer of 
pyrites, including the partially burnt: ore, is not in question here). 

Lunge in his fourth edition, p. 437, mentions havid^ 
employed burners 6 ft. from back to front and obtained better 
results than mo^t people. He, however, found it necessary to 
charge 7 cwt. at a time, and concludes: “As a result of long 
e.fpcrience, I am inclined to consider a grate-surface of 4 ft. 
6 in. by 5 ft. 8 in., and a depth of pyrites of 2 ft. 3 in., very 
favourable for burning 7 cwt. of 48 per cent. Spanish ore, chang¬ 
ing once every twenty-four hours. 

“ The rate of burning just mentioned equals 30 lb. of 48 per 
cent, pyrites per superficial foot of grate in twenty-four hours. 
With poorer ore (40 to 42 per cent.) I ha>’'' certainly burnt in 
the same grate 8 cwt. (=35 lb. per sq. ft.), and with 38 or 40 
per cent, ore even 9 cwt. ( = nearly 40 lb. per sq. ft.).” In 
England the maximum quantity of pyrites burnt per square foot 
of grate will very rarely e.xceed 40 lb. of 48 per cent. pyritd^T” 

From the writer’s e.xperiencc with burners' 4 ft. 3 in. long by 
4 ft. wide, charges of 3! cwt. were made every twelve hours (42'8 
lb. per sq. ft. per twenty-four hours), with Orkla ore rather less 
( 39 'S It), per.sq. ft. per twenty-four hours). With the Mannheim 
type of burner, using I’efia ore, upwards t)f 5 2 lb. was possible." 

Such high rates should not, however, be reckoned upon in 
designing a plant, unless of course cuprous ore. has to be used, 
where the sulphur content in the cinders need not be reduced 
below 4 per cent. 

Seis of Burners .—It is hardly necessary to say that the 
pyrites-burners are^ always built in sets. Usually twelve to 
twenty-four burners are served by the sam'e set of men ; and 
they must be worked so that every one ge,ts its regular turn, 
as is evident from the necessity of a regular evolution _of gas. 
Frequently the burners are built underneath the acid-chambers. 
Not only must they in any^case be protected by a roof against 
rain (if not placed upderneath the chambers), but they must 
not stand in a space open at the sides, since strong winds would 
interfere with the draught, and cause them either to go too fast 

' English type. 1 

Continental type. Cf./. Soc. Chem. Itut., 1922, p. 10IT. 

7 . 



338 


THE PRODUCTION OF SULPHUR DIOXIDE 


or to blow out at the doors. It is best to protect them by 
light walls or by a brattice'with shutters adjustable according 
to the direction of the wind. 

As the drawings of the English burners (p. 329 et seq?) 
show, each burner is independent of the other, and they do not 
communicate one with another, but only with the common 
gas-flue. Each burner, then, ought to have its own damper, 
which is not always the case. On the Continent, frequently 
the single burners are separated merely by low walls ; the ore ')n 
this case lies only about 1 8 or 20 in. deep on the grates, and 
the whole set is like one large burner with a divided grate. 
It is, of course, in this case not possible, as on the English 
system, to treat each burner individually, to give it more or 
less draught, to isolate it for repairs, etc. Nevertheless, this 
system is in favour with some of the more experienced 
Continental manufacturers, who say that 18 in. depth is quite 
sufficient for the rich ores, now universally employed, and that 
the connection of the gas-space of all burners into one whole 
fs ‘preferable to the English .system, because one burner can aid 
another and the whole is visible at a glance. Evidently this 
.system answers its purpose as well as the English, but, from the 
writer’s experience with both type.s, he favours the English 
method. In the Continental arrangement the burner nearest 
the Glover tower usually obtained the most draught, thus 
causing the burner farthest away to burn badly. 

In Continental works possessing no Glover tower it is usual 
to concentrate the chambcr-acid up to 144° Tw. in leaden 
acid-pans, which are snounted on the top of the burners, and 
are heated by their waste heat. The Glover tower having, 
‘however, made the use of lead pans superfluous, it is hardly 
necessary to employ* pans on the top of the burners, such space 
being usefully employed for drying purposes. 

A charging arrangement for pyrites-burners is described in 
the B. F. 2367 of 1912, and in the U.S. P. 1089304, of 
Battaille and Piperaut. 

Buddeus (Ger. P. 285888) describes a kiln for roasting 
pyrites, in which the ore gets a preliminary roasting in an 
upper compartment, and descends through a grating, capable 
of being closed, to the lower compartment, where air is 
introduced under pressure.' 
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Explosive pyrites is treated by the United Alkali Co. (B. P. 
7915 of 1905) by previously hiating for twelve hours on 
hearths, placed below the gas-flue near to the pyrites-burners, 
on a higher level, so that the prp-heated ore, which has now 
lost its explosive property, can be shifted downwards into tffc 
burners. 

, The explo-'^ve property of certain varieties of pyrites" 
interferes with the burning of the ore in lumps, since the dust 
pfoduced by the decrepitation of the lumps fills up interstices 
and prevents free access of air. 

Gyander^ determines the “ cxplosibility ” of pyrites by 
heating the sample in a covered dish at a high temperature 
until no further change is observed, and then cooling, 
screening, and weighing the material which remains on a 
screen of a certain size, whilst passing thmugh a next larger 
size. It has been claimed that a gradual pre-heating of the 
ore will minimise the effect of “explosion,” but in the author’s 
experiments twenty-four hours’ pre-heating at 120° to 340° 
had no apparent effect in diminishing the “ explosive ” qualtly. 
But even in the case of non-crumbling ores, the sulphur may 
be given up slowly during the combustion, so that to find the 
available sulphur content of an ore it is necessary to determine 
the rate of change compared with that of some other ore which 
behaves normally and contains a know^i amount of available 
sulphur. For this purpose 2 grms. of the ore, cru.shed to pass 
a 50-me.sh sieve, is placed in a thin-walled silica dish. Three 
such dishes, of uniform size and thickness of wall, each contain¬ 
ing a charge of ore, are heated at 538“ ift^a sheet-iron rack in 
an electric’furnace. After successive intervals of fifteen minutes, 

• 

or longer if necessary, the dishes are se^iarately withdrav/n, 
and the reaction stopped by placing 5 grams of .sodium 
carbonate on the top of the ore. The sulphur in each is then 
determined by breaking up the mass, fusing it with^S.grams 
of sodium nitrate, dissolving the melt in •hydrochloric acid, 
separating the silica, and ^precipitating with barium chloride. 
From the amounts o^ sulphur found the rate of change may 
be calculated. 

Burners for Roasting Copper-matte .—Haege '^ describes the 

1 /. Ind. Eng. Chem., 1917, 9, pp. ;<76-78o ; /, .S'ee. Ckem. Ind., 
1917, p. 1004. 2 Berg- u. Hutlen-Zeit,, 1893, f. 383. *. 
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process introduced by him at Briton Ferry, near Swansea. 
The copper-matte produced there could not be roasted in 
Mansfeld kilns, nor in ordinary pyrites-burners. The desired 
result was obtained by increasing the heat, in the first instance 
by a suitable treatment of the matte, and, in addition to this 
by improving the construction of the burners. The matte was 
rendered porous by tapping it on to a sand-bed^ slightly 
moistened and dusted over with fine coal. It was then 
crushed by a Blake’s stone-breaker, in which one of tile 
corrugated faces had been sub.stituted by a smooth one, so 
that flat, more tightly lying pieces were obtained, which were 
separated from the smalls by a riddle with openings of f in. 
width. The burners were of the ordinary shape of English 
pyrites-burners, described above, but of slightly different 
dimensions :—Grate-surface 4 ft. 3 in. by 4 ft. 4 in.; area at 
the level of the upper working-surface 5 ft. by 4 ft. 9 in. ; height 
from grate-bars to the upper working-surface 2 ft., to spring 
of the arch 3 ft. 4 in., to the crown of the arch 3 ft. 8 in.; 
sffloke-flue at the lowest point 6 in., at the highest i ft. 4 in.; 
total outside height 7 feet 10 in. The heating-up takes place 
from the top, exactly as described in the text ; the burners 
are ready for work in two or three days. Each burner then 
receives a charge of from 6 to 7^ cwt. of crude matte every 
twelve hours. The draught mu.st be well regulated ; there 
should bo a slight plus-pressure within the burner. In this 
way mattes coti'taining from 20 to 47 per cent, copper are 
treated. The poorer matte yields rather hotter and better gas 
and more sulphuric tcid than the richer. With 20 per cent, 
matte the roasted product contains 9 per cent, .sulphur, with 
rich matte it contains 11 per cent, sulphur ; both are at once 
ready for the corJeentrating work. From 40 per cent, matte 
about 47 or 48 per cent, of the weight of roasted matte is 
obtained in the .shape of chamber-acid of 110° Tw., with con¬ 
sumption of 0-8 to PO nitre per cent, of chamber-acid. The 
gases are hot enough to thoroughly, decompose the mixture of 
nitre and sulphuric acid in the nitre-oven and to denitrate the 
acid in the Glover tower; the acid flows from this with a 
temperature of 140° to I55°- 
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Working of the Pyrites-burners for Lumps. 

In order to start a burner it is first, if newly built, dried by 
a slow fire in the usual way, and ^hen filled with burnt ore to 
within 3 in. below the working-door. If no burnf ore can^e 
procured, ordinary road-metal, etc., may be taken, broken 
sufficiently to ^pass between the grate-bars when they ar»i 
turned. * It is advantageous to open out the flue leading to 
the Glover tower in order to ensure sufficient draught on all 
the burners ; fires are then made in each unit by means of 
wood, followed later by coke. 

After twelve or twenty-four hours the burner and the 
uppermost layer of the ore will have reached a dull red heat; 
the rougher parts of the fuel still present are then drawn out 
and an ordinary charge of green pyrites is put on. By the 
heat of the burner walls, that of the ore below, and the fuel 
still present, the fresh ore will soon be lighted; when it is 
fully burning, the opening in the gas-flue is closed and the 
gas allowed to go to the acid-chambers. Care must be ts»!-:en 
in lighting up not to go too far, which would damage the 
burners. 

Thus the process is started; and it is now continued 
.■•egularly and uninterruptedly till it has to be stopped for 
external reasons. Repairs are very rarely necessary in pyrites- 
kilns ; but those of other parts of the acid-making apparatus 
may compel their stoppage. At some Ejjglish works the 
dampers are put in every Saturday at midnight, and are opened 
only on Sunday at midnight; in the meantime all other open¬ 
ings are v^ell closed ; and the burner thus ifeeps its heat so well 
that the new charges at once take fire when brought in. If an)t 
temporary interruption of work does nul’<ast. beyond four to 
six days, usually the burners can be kept hot enough in this 
way to be started without any fresh lighting-up by means 
of fuel. , * * 

The regular burning process has a double object, from which 
follow all the precautions to be observed. In the first place, the 
sulphur contained in the ore is to be burnt as far as possible ; 
and, secondly, the quantity of air must be no more and no less 
than is required for the chamber-process. This means, beside§. 
the air necessary for burning the %ulphur to sqlphur dioxijle. 
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introducing as much more air as is required for oxidising the 
latter to sulphuric acid, and, moreover, a certain excess of air 
found necessary in practical work. 

The sulphates of iron, which are always partly formed as 
intermediate products, are decomposed again at a compara¬ 
tively low temperature into P'ejOs, O, and SO^, or into Fe^Os 
-•.nd SO3, for which the heat of the burners is quite sufficient. 
This reaction does not go on quite so easily in the case of the 
sulphides of copper ; but the temperature of decomposition ®f 
CuSO^ is also within a red heat. Moreover, the copper-extrac¬ 
tion works do not want all the sulphur to be burnt, but allow a 
residue of from four to at most six per cent, sulphur in the 
cinders. If, however, the ores contain blende or galena, which 
on burning arc transformed into zinc and lead sulphates, the 
burner cannot possibly effect a total desulphurisation ; for 
these sulphates are only decomposed at a temperature which 
is not allowable in a pyrites-burner, and they must thus remain 
as such in the cinders. I'urthermorc, if the pyrites contains 
calsium sulphate or carbonate, a corresponding quantity of 
CaSO^ will remain in the residue. Any barium sulphate 
present would be missed in the testing of the pyrites or the 
cinders, being classed among the “ insoluble.” 

In the case of the usual descriptions of pyrite.s, not con¬ 
taining any considerable quantity of zinc or lead, the burning 
of ore in lumps will reduce the sulphur in the cinders with 
good work to 3^ or 4 per cent. Less than 3 per cent, of 
sulphur rarely occurs on an average of the whole year; but 
with very good ores it may go down to 2! per cent. Most 
frequently the limit Stated above for good work is exceeded ; 
lome works leave 6 or 8 per cent, of sulphur, and even more, 
in their cinders,, wntisi their neighbours only leave 4 or 5 
per cent, in the same ore. The fault of this may be due either 
to the description ol^ burner employed or to bad work. If, by 
the construction of, the burner, the pyrites forms too shallow 
a layer, and this is let down too soon on shaking the bars, it 
will easily come out badly burnt. But even if the burner is 
correctly built, much still depends upon the skill and care 
of the burner-men. 

., Excellent results are obtained with some of the very rich 
descriptions o^ Spanish no'i-cuprous pyrites which have for 
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some time past come into the market (p. 91), These pyrites 
can be burnt down to 0-5 per cent, of sulphur in the cinders, 
so that the latter can generally be sent straight to the bla.st- 
furnace.s. But if this degree of purity is to be obtained, the 
place in front of the kilns, where the burnt ore is drawn o_jit, 
must be kept perfectly clean, so that no green ore can get 
mixed with the cinders ; and any portions of these which have , 
been spilt from the discharging bogies on to the ground must 
n«>t be shovelled back into them, as they will have some 
admixture of dust from green ore, but they must bo put back 
into the kilns. 

Much depends upon employing the ore in neither too large 
nor too small pieces, and upon keeping the pieces of as utiifonn 
a site as possible ; only then will it be possible to regulate 
both the depth of layer and the draught in a satisfactory way. 

Whether pyrites is properly burnt or noi can be recogni.sed 
to a great extent by the eye. By the burning-process the 
pieces swell out and burst ; they become light and porous, and 
assume the red colour of fcriic oxide, or, in the case of cupiaus 
pyrites, a more blackish-red colour. The burnt ore ought 
therefore to consist of light porous pieces of the proper colour, 
apart from the powder always present in ejuantity, which is 
generally sufficiently burnt. On taking up the larger pieces, 
their weight will allow at once a rought judgment of the state 
of the burning ; and this can be more distinctly recognised by 
breaking the pieces and observing whether the)' contain a raw 
core in the centre. The^ presence of many slags (scars) on the 
cinder-heap is another proof of bad burniyg. 

Imporftmt as these empirical signs ar€, no well-managed 
factory will be satisfied with them, but will have the cinders* 
tested daily, after having drawn a large"-.ijniplj and reduced it 
properly. In any ca.se, the above-mentioned empirical signs 
have hardly any value for small ore. ’ 

The .scientific principles of roasting proce.sses arc ti>e^ted by 
Schenk,* especially with respect to the roasting of ores -con¬ 
taining less sulphur than ^ron pyrites, such as copper pyrites 
and blende. 

Keppcler describes comparative trials on the burning of 
Norwegian and Spanish pyrites. 

* Z, angew. Cheni., 1913, p. 641. Chem. Ztit., 1913, p. >219^ 



344 


THE PRODUCTION OE SULPHUR DIOXIDE 


Channing (Ger. P. 250772) roasts-pyrites in such a way that, 
apart from gases suitable for the manufacture of sulphuric acid, 
a residue (cinders) is obtained fit for the manufacture of iron. 
P'or this purpose he carries on the process in such a manner 
tljpt the sulphur goes away as SOj, together with an excess of 
oxygen, and that all the iion present is converted into ferric 
.oxide. 

Debusch (Ger. P. 269774) carries out the burning of pyrites 
completely, in such a manner that the metals present, apart frOTi 
the iron, viz. copper, zinc, and lead, are completely converted 
into sulphate.s. Since this, especially in the case of cupric 
sulphate, takes place at 600° to 650°, this temperature is 
attained by transferring part of the ore from the first to the 
third, from the second to the fourth burner, and so forth, with 
the result that in none of the burners is there such an amount 
of sulphur present as would cau.se an increase of the temperature 
beyond the above-indicated limit. 

Koppers (Ger. P. 288322) burns pyrites in a kiln provided 
wi(]3 a revolving conical grate, into which air is introduced by 
a central pipe and passes by fine openings into the kiln. The 
kiln is closed at the top by a dome, with central outlet for the 
gases ; this dome is surrounded by a jacket, and the fresh ore 
is charged into the annular space thus formed. In order to 
prevent any sintering <jf the charge, by the temperature rising 
too high, steam is blown in along with the air. 

The Nichols Copper Co. (Ger. P. 288013) provides, apart 
from the outsiefe charging arrangement, an inside charger, 
consisting of a funnel^and a periodically moved scraper. 

The chemical leK-ing of pyrites cinders {burnt ore) can take 
.place by exactly the same methods as described in Chapter II 
for the analysis pf^p^vlles. 

The sulphur contained in the burnt ore is no longer in the 
form of FeS2, aparf from any quite raw cores in large pieces. 
But evtiv fine or quite porous cinders, burnt as well as possible, 
also .those from pure pyrites free from lead, zinc, and lime, 
always contain sulphur ; and as thi's cannot be present in the 
shape of FeSj, the question can only be whether the cinders 
contain FeS or sulphates of iron (most probably basic ferric 
sulphates), or both. 

According to ,Troost, the first reaction in the burners is 
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3FeS2= 2S-j- Fe5S4. Regnault holds that the sulphide formed 
has the formula Fe,S,. Lemoine‘ from observations made in 
a Maldtra shelf-burner, believes that in the upper layers there 
is always a distillation of sulphur, jvhich afterwards burns with 
a blue flame. Lower down this is no longer the.casc, eitli^ 
because here most of the pyrites is already reduced to FeS, or 
because the temperature is too low and the supply of oxygen*# 
too great for the formation of free S. Feriic oxide appears 
oi»ly after roasting for two and a half hours. The action on 
pyrites seems to commence from the outside, where there is 
combustion into Fe203, and the action of the heat thereby 
produced on the inner part brings about a decomposition 
into FeS and S. The S distils and burns outside, the FeS 
is oxidised by the Fe203, which is again reformed by the 
outer air. 

. All that has been .said {cf. p. 342) respecting the maximum 
of sulphur in the cinders to be aimed at, only refers to the 
burning of pyrites proper—that is to say, of ores containing 
essentially FeSj, and emplo3/ed exclusively as a raw matawal 
for vitriol-making. Just in the same line arc those aiprous 
pyrites (with less than 4 per cent, of copper) whose copper 
can only be c.xtractcd by the wet process ; for these th^ above- 
mentioned rules for the sulphur in the cinders arc equally valid. 
But the case is quite different with a Clumber of ores where 
the residue from the burning is regarded as by far the most 
important product, and where the gas is on^ a by-product, 
often only converted intq sulphuric acid in order to get rid of 
it. To this category belong blende, coar«c metal, etc. Here 
the burning;-down to the above-mentioned r^inimum of sulphur 
is hardly possible, nor even desirable (as for copper-pyrites) ; * 
and there exist for each case definite ‘fUits, ivhich, however, 
do not belong to the domain of acid-making, but to that 
of metallurgy. Even where a larger percentage of .sulphur 
is required for further metallurgical operations, it ’is more 
rational, so far as concerns the acid-maker, in order to save 
labour, burner-space, etc., to burn the material as well as 
possible, and to supply the neces.sary sulphur afterwards by 
adding a little green ore ; this is done, for instance, by the 
copper-extraction works when they receive the cinders too far,. 

' Fischer’s/ahresder.,*lS()i), p. 3J5. . ^ 
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desulphurised. The case of zinc-blende is special, and will be 
dealt with later on. ' 

We now pass on to the second fundamental condition of 
proper work in the pyritcs-l^urners, viz. that neither too little nor 
(to inuch air be employed. At this stage we leave out of con¬ 
sideration the absolute quantity of air required, and only treat 
of the practical rules and of the appearances observed in the 
burners themselves. If too little air is admitted, whether because 
too few holes in the bottom door have been opened, or die 
damper in the draught-hole has not been enough drawn, or 
because the pipes are stopped up with dust, or the draught in 
the whole chamber .system is insufficient from one cau.se or 
another, the same thing will happen as in the case of sulphur- 
burners when they get too hot: sulphur will sublime as such,and 
will be deposited in the flues, the dust-chambers, the Glover 
tower, or the chambers themselves. It is, however, a more fre¬ 
quent and serious conseciucnce that, in the case of insufficient 
draught, the often-mentioned slags or scars are formed. The 
sce.'s mostly enclose some green pyrites, and in this way cause 
a further loss of sulphur. A much greater loss is occasioned by 
their stopping the passage of air, so that the ore above and 
below a scar is very incompletely burnt. The heat is locally 
increased and driven further down than it ought to be; the 
zone of combustion ii removed further downwards ; and on 
letting down the ore part of the pyrites comes out incompletely 
burnt. If scars have formed in the burner, they naturally 
descend as the cinders are let down, and they would ultimately 
lie immediately on the grates and entirely stop them up. This, 
however, must be prevented by every means. A cafeful work- 
*man always breaks up the surface of the old ore before putting 
in a fresh charge pffnS ’thus he finds out whether any scars have 
formed, which mosfly takes place near the surface: they can 
then be easily brought to the surface by means of hooks and 
pulled out at the. door. But if they had been overlooked at 
first and have got lower down, in doing which they constantly 
increase in size, their removal is more difficult. Then a very 
large and heavy poker of the best tough iron (these are made 
up to 12 ft. long and 2 in. thick), bent in the way shown in 
■Fig. 36, is introdu^d into the burner through the charging- 
hole, and the men work ‘it till they have got the point a 
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underneath the scar. Several men, working at the end b, then 
try to lift up the scar, in spite of the resistance of the super¬ 
jacent mass of pyrites. This labour is very disagreeable, 
exhausting, and difficult. The njiddle doors, between the 
charging-door and the grate, found in all pyrites-liurner.s, as* 
only used in extreme cases. 

In the burners mentioned above, where the ore lies only to—» 
a depth oT 20 in., scarring is ne.xt to unknown, at least if the 
ore^is very carefully sized, so that all passing through a Tin. 
riddle is kept out. This agrees with the facts which will now 
be explained. 

Apart from other causes, the supply of air in a burner may 
be insufficient because the ore lies too deep. As the depth of 
the ore depends upon the vertical distance between the grate 
and the working-door, it follows that for ores behaving very 
differently in this respect differently-built burners must be used. 

bck 


Fio. 31'. 

Thus the deep burners built for Irish pyrites had at once to 
be given up when Spanish pyrites begaTi to be used. With 
the same height of pyrites which was just right for the 
poor ore, in order to keep the heat better tcjgether, the rich 
cuprous ore, in itself mote fusible, became far too hot, and, 
moreover, the air could not pa.ss through* quickly enough to 
make a coJiplete burning of the ore possible at every point; 
from both causes cornbined, it followed that^the scarring became 
excessive. It is always much more feasibi^'tO'burn poor ore 
in a shallow than rich ore in a deep burner. , 

Insufficiency of draught, if very considerable, will be easily 
recognised by the gas blowing out of all tlie joints of the 
burners, and especially coyiing out in force whenever the 
working-doors or the bottom door are opened. On the other 
hand, the draught should not be .so strong that too much air 
will get into the chambers ; the gas ought to be kept as rich as 
possible, as will be shown hereafter. It may be assumed that .• 
the draught is just right, if, on opentng the srtiall. slide in th(^ 
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working-door, neither gas nor flame issues from it, nor if, on 
the other hand, the flames inside the burner perceptibly tend 
towards the draught-hole. They ought to rise up perpendicu¬ 
larly and quite steadily ; gnd on opening the door they may 
Civen tend,slightly towards it. As, however, the exact regula¬ 
tion of the draught can only be effected by regulating the holes 
•in the bottom door, and as on each opening of the doors above 
or below the grate much more air must get in than is necessary, 
of course the periods during which the doors are opened should 
be restricted as much as possible, and the charging, shaking of 
the grates, and discharging managed as quickly as possible. It 
is very advisable to close the holes in the bottom door com¬ 
pletely while the top door is open. If the draught is not 
sufficient whenever the door is opened, the gas will rush 
out and get into the burner-house ; this is both a loss and a 
nuisance. 

For regulating the supply of air several plans are possible. 
The regulation takes place cither before the grate, by the holes 
in the bottom door, or behind the grate, by means of the 
damper in the draught-hole or that in the large chimney behind 
the chambers, or else by fan {cf. Chapter I, Vol. II). Regulation 
behind the burners is only available where all the burners have 
a common ga.s-space; otherwise the draught through the 
chimney or fan muut be equal to the maximum amount 
required for all the burners, and must be changed according 
to the atmospheric conditions, each burner being regulated 
.separately. This would be done best and most safely by the 
dampers in the dsaught-holes connecting each burner with 
the gas-flue ; but'these are rarely used for this pul pose: they 
would have to be made very tight-fitting, and then would 
easily get fast ,by fliie-dust. Therefore here also the draught 
is made sufficient for all eventualities. The real regulation of 
the air, at least generally in England, takes place by means 
of the holes in the ash-pit door, of which a sufficient number 
are closed by plugs or otherwise. 

The supply of air is usually 'regulated by the following 
practical rules ;—At the beginning (that is, immediately after 
making a fresh charge) the burner does not require very much 
air, till the ore has caught fire, which will take half an hour to 

hour. Then* more air* must be admitted, always with the 
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above-mentioned restriction ; that the flames rise perpendicu¬ 
larly, and tend slightly towards the* slide when this is opened. 
When, however, the principal portion of the sulphur is burnt 
and the flames become scarce, the ah is shut off altogether, and 
further action is left to the heat of the burner. About t\^ 
hours before it is time for recharging, the working-door is 
opened and the ore is well raked and turned over by means o£< 
a hook to a depth of 3 or 4 in., and any small scars arc re¬ 
moved. If now blue flames appear to any c.xtent, this proves 
that the burning has not been sufficient, and a little air must 
be admitted. When the whole time is up, be it a twelve hours’ 
or a twenty-four hours’ turn, the air is entirely shut off at the 
bottom, the small doors covering the grate-bars arc opened, 
and the latter are turned two or three times, leaving each 
alternate one out. During this the workman must look through 
the working-door, to sec whether the layer of ore is let down 
evenly all over; he can easily manage, determining by the 
eye, not to let the ore down too much or too little. Then, as 
quickly ds possible, the new charge of ore in pieces (usmJly 
with a little dust), which must have been lying ready in front 
of the burner, is put in, and the process begins again. It is 
evident that there must be a regular rotation, .so that’a fresh 
burner comes in turn every hour or so ; this is both indispens¬ 
able for a regular evolution of gas, and convenient for di.stribut- 
ing the labour over the day. 

The burner-men ought to shake the grates quite evenly for, 
the purpose of discharging, so that the ore does not come down 
more quickly in one place than in another, and to take care 
that only bold, thoroughly exhausted cinders, but no red-hot 
ore, come down. They ought then to work up the ore on the • 
top through the doorway with their pokers", ahdj'ake the surface 
so as to make it even again. Then they must charge the new 
ore equally all over, starting about 2 in. towards the door from 
the back and the sides. ^ 

The interior of a burner, after the throwing-in of a fresh 
charge, is, of course, at lir.st black. Gradually small blue 
flames appear, which become larger and more lively and cover 
the whole mass. After a few hours they become scarcer again; 
but the mass in the meantime has become red-hot. Later on^. 
it cools again ; and towards the enH of the period there is qo 
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glowing visible at the surface ; but as soon as the mass is 
stirred up the glowing apjxiars again. 

Frequently it is nccc.ssary to wait a short time, even for a 
few hours, after shaking the grate-bars and letting down the 
b\prnt ore, in order that the burner may cool down a little 
before recharging it; this has the advantage that the top layer 
pan be turned over, and its sulphur is therefore burned more 
thoroughly than if cold pyrites has been throvi/n in. 

Generally it takes some time before the men get used to a 
new kind of burner or of pyrites. Even if skilled men are 
taken from other places, they require special supervision, and 
still more if a new kind of pyrites has to be tried. If at all 
possible, one kind of ore should be adhered to for some time, 
because only in this way do the men get used to a proper 
treatment of the burner. Each kind of pyrites requires a little 
different treatment as to supply of air, breaking up, etc. 

An extremely great help in regulating the burning process 
is the analysis of the gas, which, however, is nearly always made 
foc.a whole set of burners together in their common fine. We 
shall enter into the details of this later on. 

If a pyrites-burner is working properly, it will, if touched 
outside, be so hot in its upper part (say 6 in. below the working- 
door) that the hand cannot be borne upon it; farther down it 
must be cooler ; and.- immediately above the grates- it ought 
to be cold, or at most hand-warm. This is one of the most 
important practical signs of the proper working of the burner. If 
a burner is too hot below, this may be due to insufficient 
draught, or (which iu the end comes to the same thing) there 
has cither been to^ much pyrites charged, or there fs too much 
dust in the burner, which has stopped up the interstices. Too 
much dust may.cdiRe from bad riddling, from too much having 
been added on purpose, from the falling of the “ balls ” inside 
the burners, or from the decrepitation of “ explosive ” ores.^ 

In'afiy case, the first thing to be done, apart from removing 
the-cause of the evil, is to again cool the excessively hot burner. 
Above all, more air must be admitted : and, in order to drive 
up the heat more certainly, the new charge must be kept back 
a little, and no fresh ore put in the middle, but only along the 
sides and the back of the burner. It sometimes takes one or 

^ Gf P- 339 - 
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two days before a burner has recovered its normal temperature. 
In .specially obstinate cases there is .nothing for it but making 
very small charges for a day or two, till matters have come 
right again. Some prefer taking out the ignited top layer, 
allowing it to cool a little, and putting it back into the burn^', 
which in the meantime has received more draught, owing to 
the lower depth of ore, and thus has become cooled. ^ 

If a l?iln is allowed to go too hot for any length of time, 
wl*tcver may be the cause (want of air, too large charges, 
stopping up by dust, bad breaking up), the consequence will 
always be the same, viz. increased scarring, with all its un¬ 
pleasant accompaniments. 

Of course, it also sometimes happens that a burner goes too 
cold and the fresh charges take fire too slowly. This may be 
caused either by insufficient draught or by too small charges, 
and can be easily remedied in either case. If it has, however, 
got so far that the new pyrites will not take fire at all, nothing 
remains but to put in very hot ore from .some of the other 
working-burners ; in this way the matter may always be ^t 
right with .some patience, unless large scars are lying on the 
grates, or there are other serious faults which must be removed 
before the burner can be expected to work properly. A 
frequently employed, but objectionable, remedy agaiiust cold 
burners is. to put live coals on the pyritc.'*; the carbon dioxide 
produced thereby thus entering the chamber process. 

.4 pyrites-burner may also go too cold if there is too much 
draught —if, therefore, besides the air required for its intense 
working there is an excess, which only acts ^s inert cooling gas. 
This is a vc*ry great fault; for in this case ifie consumption of 
nitre is increased and the yield of sulphuric acid diminished. • 
Long before the burners cool from this cahsekqji e.xcess of air 
may become injurious in this way ; and by observing the flames 
in the burners (much better, however, by the analysis of the 
gas), it must be ascertained whether the pr^er propottibn of 
air is present or not. 

Objection has been maeJe by some to the employment of 
damp pyrites,' because *in this case, on burning, more sulphates 
are formed, which give off sulphur trioxide ; this takes up 
moisture, and condenses as sulphuric acid before getting into . 

* Kerl-Stohmann’s Chemif, [3], 6, 197. , , 
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the chambers, destroying the flues and so forth. Even with 
dry ore in damp weather' similar phenomena are said to be 
observed, and a smaller yield is alleged to be the consequence 
of the moisture in the air. It is very desirable that this point 
should be specially examined. The formation of sulphur 
trioxide, as well as the occurrence of liquid sulphuric acid, in 
,dhc connecting-tubes has certainly been established ; but it has 
not yet been proved that the moisture of the air acts so as to 
increase that formation, and the contrary is more than likely 
to promote the formation of sulphur trio.xide. 

People who have no practical acquaintance with the matter, 
looking at these numerous sources of mishap.s, may be inclined 
to think that the working of a set of pyrites-burners is a most 
difficult task. But it is far from that. If once the burners are 
in order, they remain very long so if the burner-men know and 
perform their duty, and if proper supervision is exercLsed over 
them ; the pyrites-burners then give even less trouble than 
sulphur-burners. Certainly, when they do get wrong, it takes 
ewgctic and experienced management to put them right again. 

It will now hardly be nece.ssary to explain in detail why 
there are only narrow limits for each given burner and style 
of chal'ging, within which the quatiiily of pyrites charged may 
vary.' If too much is charged, the burner scars ; if too little is 
taken, it gets cold. When, therefore, for any reason' the daily 
quantity of pyrites has to be cut down, it is necessary to put 
out a corresponding number of kilns and to work the remainder 
fully. Only in the case of brief temporary interruptions is it 
advisable to charge rather less than usual for a few day.s. 

Employment of Brimstone together with Pyrites. —Westergren" 
prepares SOj for the manufacture of sulphite pulp by roasting 
pyrites with an,.p.k<;es.s of air, and passing the gases produced 
through flues in which brimstone is burned, if necessary with 
admission of more air. 

3. Burning Pyrites-smalls. 

We have seen above (p. 347) that the fine powder which 
pa.s.ses, say, through a ^-in. or at most a ^-in. riddle must be 
kept out of the ore going into the ordinary pyrites-kilns. The 

' Cf PP- 337 and 340. 

2 S'ved.‘ P. 31999 Chem. Zeit. Rep., 1912 , p. 170 . 
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‘•smalls,” “fines,” or “dust” produced in this way, whether if 
be on breaking the ore at the worlcs or at the mine, must be 
dealt with separately. 

This can be done in very different ways, according to 
circumstances. Where pyrites-smalls are not bought as suffti, 
the question is only about the dust arriving along with the 
bulk of yie ore,^nd also that made in breaking. Much mor^^ 
dust is produced when breaking by machine than by hand 
—Aiz. lo to 15 per cent, in the case of middling hard ores, 
and even more in that of soft ores. Formerly, before rational 
and really satisfactory contrivances for the burning of smalls 
were known, some large factories, which had already mounted 
.stone-breaking machines, went back to hand-breaking, in spite 
of its costing many times as much, merely in order to avoid 
the excess of dust. This was especially the ca.se in factories 
using soft ores, such as the Tharsis ore ; with Norwegian ores 
the advantage was always on the side of the mechanical 
breaking, because these are much harder and make less dust. 

If the quantity of dust going through the smaller riddle iffies 
not exceed l ^ cwt. to the ton, it can be got rid of, without any 
special contrivance, in the following way ;—The dust is sifted 
off as usual, and a certain quantity of it is laid down for each 
bu'ncr alongside the pieces. If, for instance, the whole charge 
is 7 cwt .,'61 cwt. of pieces are used and f cwt. of dust (if more 
dust than this is used, the burner easily gets out of order). 
First the coarse ore is charged as usual; and then the man 
throws the du.st with his.shovel along the sides and the i/ack 
of the burner, leaving the whole central pyt free. Anyhow, 
the ore ought to be levelled after throwing in the charge, in 
such a way as to m^kc it lie higher along the sides and back 
than in the centre of the burner. The rcaSbrt»is this : the air 
entering from below meets with much les» resistance at the 
comparatively smooth walls than in the centre of the Jayer of 
ore, and it will preferably rise along the former ; the centre 
thus will get less air than^ the parts next to the walls. ' If, 
however, the ore is lyi/ig near the walls at a higher level, and 
especially if the passage of air is obstructed by the dust lying 
at those places, the draught will be more nearly equalised, and 
the burning will take place evenly all over the area of the .• 
burner. Of course, it will not do 1^) proceed too far in this 
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•way ; nor can it be expected that the result is as good as 
when lumps and smalls ard each treated in the best way suited 
for them. 


Dust Made into Balls. 

The arrangement just described does not answer if more 
i-a*han I i cwt. of smalls to the ton of pyrites has^to be dealt with; 
and special arrangements must then be resorted to. Probably 
the oldest method, now almost obsolete, is that of mixing the 
small ore with .sufficient clay to make it plastic, forming into 
balls, and drying on a steam boiler or pyrites-burner. Rarely 
less than lo per cent, of clay will be required for this, often 
more, up to 25 i)er cent. The balls are then charged together 
with lumps into the ordinary burners, but never too many at 
a time (at most one-sixth part of the whole charge), because 
they fall to powder in the burner after a time, and if used in a 
greater proportion would stop the draught. 

Robeson (B.P. 1639 of 1908; Ger.P.238119; Fr.P.386695) 
makes briquettes from pyrites-smalls by means of spent sulphite 
liquor from the manufacture of paper, pulp as binding agent. 
The liquor is first neutralised by caustic soda or lime, and 
concentrated in vacuo to 30° B. The briquettes obtained are 
hard and not hygroscopic, and the organic matter, introduced 
with the sulphite, aid's in the combustion [but emits injurious 
carbon dioxide]. 

Utley Wedge (Amer. Ps. 804690, 804691, 804785, all of 
November 1905; Ger. P. 181516) employs, as binding agent for 
pyrites-smalls, ferrovs sulphate, by itself or mixed with sodium 
sulphate and nitrate, and subjects the mixture fo heat, in- 
' sufficient to expel the S from the pyrites, but sufficient to bind 
the mass. . 

Ricketts and l^ing (Amer. P. 894799) mix the pyrites fines 
with a fusible sulphide or other sulphur compound, and subject 
the rni.xture, under reducing conditions, to sufficient heat to 
liquefy the .sulphur compounds. The now coherent mass is 
compressed into any desired shape. 

A. G. Anderson (P'r. P. 458442 ; Belg. P. 256447) moulds 
small ores ground down to i mm. in the moist state in revolv- 
, ing cylinders into porous balls, passing hot gases through the 
mags. 
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Grondal (Ger. P. 277895) employs a tunnel-shaped furnace 
with flues in the walls, arranged leligthvvay, connected with a 
supply of air at the discharging end of the furnace, and pos¬ 
sessing in several places inside thi; furnace openings provided 
with regulators; if necessary, also with flues near, the outlet, 
connected with a gas-generator and with a chimney. Porous 
ore-balls arc casHy permeable for gas. There is no formation* 
of dust, which is a great advantage over the ordinary burners 
fof smalls, and even over lump-burners, and allows of dispensing 
with dust-chambers. The burnt ore is obtained in a very 
easily managed form, and can be immediately utilised for the 
production of iron. If necessary, it can be further treated in 
an ordinary burner for smalls. 

Buddaeus (U.S. P. 1079897) burns small ore containing 
less than 30 per cent, sulphur, without any supply of heat from 
without, in kilns provided with a porous bottom through which 
air is blown in. 

G. II. Benjamin (Ger. P. 274663) provides the shelf-burners 
with eleefrodes, in order to produce a higher temperature. 

Bracklcsberg ' described the preparation of “ agglomerated ” 
balls of pyrites or blende smalls. 

Burning Pyrites-smalls without making them into Balls. 

• 

The making up of pyrites into balls with clay is attended 
by .so many drawbacks that something else was .soon looked 
for. This was found indispensable where notRing but pyrites- 
smalls could bo obtained, or where these e^uld bo procured .so 
cheaply that acid-makers wished to dispense Entirely or partially 
with using lui^p ore. At the pyrites-mines there were formerly • 
enormous heaps of’smalls, which were not ,saleable at all and 
would sometimes have been given away for nothing, just to 
make room. In other places pyrites only occurs in a loose, 
roughly crystalline shape ; and, again, in others it is obtained 
by wet preparation altogether in the state*of smalls. Thus 
there was great eneouragerftent for constructing apparatus for 
burning small pyrites ih large quantities. 

The contrivances for burning pyrites-smalls may be divided 
into three classes, namely, those working by external heat, those 

' Z, angem. Chem., 1916,*1, 281 et seq, , • 
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utilising the heat of ordinary burners for pyrites in lumps, and 
those arranged for burning the smalls by themselves without 
any extraneous apparatus. 

’ (rt) .Burning Pyrites-smalls in Coal-fire Furnaces. 

^ Apart from the use of “ balls,” the oldest plan of dealing 
with pyrites-smalls is that of spreading them'on the<bed of a 
furnace, heated by flues underneath, the fireplace being arranged 
at one end and the pyrites-dust being introduced at the other, 
and being gradually moved forward towards the fire end, as 
room is made for it by drawing out the burnt ore. Since the 
ore is thus turned over many times on its way from one end 
of the furnace to the other, the sulphur was supposed to be 
thoroughly burnt. The burning is, however, imperfect, even if 
the furnaces arc made lOO ft. long. Moreover, the cost of 
fuel is very heavy (at least lo cwt. of coal is consumed for a 
ton of i)yritcs, usually much more), so is the cost of labour ; 
the .continuous opening of the working-doors causes v,ery much 
false air to get into the chambers, even fire-gases sometimes 
leak through the furnace-bottom, and therefore the consumption 
of nitre and the yield of acid are very bad. We shall, con¬ 
sequently, not go into any details respecting these “ muffle- 
furnaces,” but refer {p the first edition of Lunge’s Sulphuric 
Acid, where, on pp. i86 to 190, the Belgian furnaces, and 
those of Spence, of Godin, of imeary and Richardson, arc 
described and \jartly illustrated by diagrams. Since it has 
been recogni.sed that no extraneous heat is necessary for burn¬ 
ing pyrites-smalli; such furnaces must be lookctl upon as 
, altogether irrational, and they are practically obsolete now. 
This, of course, has'nothing to do with the fact that similar 
furnaces are in use for roasting galena and other ores which 
require external heat for the purpose. 

[b) Burning Pyntes-dust by the Heat of Burners for Lumps. 

( 

This was considered a great improvement upon the older 
methods, but it must also be pronounced obsolete now, at all 
events in the case of ordinary pyrites. We shall therefore 
treat these processes very briefly, referring for details to the 
first edition of Lunge. ' 
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The first furnace for burning pyrites-smalls by means of the 
heat from lump-burners seems to have been that patented in 
France by Usiglio and Dony, in 1852, which, however, did 
very imperfect work. Much more important is the furnace 
constructed by Olivier and Ferret, which was introduced njto 
the majority of French works and was in use there for many 
years, until replaced by the Maldtra burner {ytde p. 35 Qr 
Olivier and Ferret placed above an ordinary lump-burner a 
n»mbcr of shelves made of fireclay, and charged with a thin 
layer (not above 4 in.) of pyrites-dust (for exact description 
and diagrams, vide first edition, pp. 193-196). In this way it 
is possible to burn about l cwt. of dust to each 2 cwt. of 
lumps, the sulphur in the cinders being reduced down to 4 or 5 
per cent. The whole furnace was originally about 20 ft. high, 
which necessitated a second working-stage above the ground. 
There is, of course, a good deal of labour connected with this 
system. Later on it was made lower, and so arranged that all 
the doors were on one side, so that a number of fuinaccs could 
be groujlfed into a set. 

In a simpler form, namely, that of a single cast-iron plate 
above ordinary lump-burners, this .system was introduced into 
.some Tyneside works, first by MacCulloch, but wfis soon 
abanrloned again.' 

Another way of carrying out the s*me principle was the 
furnace of Ha.senclcver and Ilclbig." Here, at the end of a set 
of lump-burners, a tower-like apparatus was aiTanged with eight 
inclined shelves of fircejay, over which the dust was gradually 
to slide down and to be burnt on its way. • Jhus from i o to 16 
cwt. of snTalk were to be burnt for each 48 cwt. of lumps; but 
the principle'of automatic sliding-down did not answer; the* 
motion of the dust* had to bo aided by Iraiwliwork, with much 
introduction of false air. 

(c) Burning Pyrites-smalls without External IletitT 

Wo must, in the first^place, mention a plan which does 
without any special dust-burners, and only represents an im¬ 
provement in making “ balls.” It is based upon the fact that 
pyrites, if it is in the form of very fine powder mixed with 

' Cf, Lunge’s first edition, pp. 191-193. •' 

2 J 6 id., pp. 196-201. * ", « 
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water, coheres to a solid mass without the aid of any plastic 
substance. The fine pyrites-dust, in tlie presence of water and 
air, begins to oxidise very soon, even at the ordinary tempera¬ 
ture ; thus basic ferric sulphate is formed, which firmly cements 
together the separate grains of dust. This only takes place to 
a sufficient extent if the grains of dust are very fine and the 
.mixture with water very perfect; and it can never be attained 
by merely sifting and moistening the fine ore. The ore must 
therefore be ground finely with water in a mill, and the ina.ss 
dried in layers of j in. thickness on the top of the pyrites- 
burners, in cakes about i8 in. square. After twenty-four or 
thirty-six hours it has hardened sufficiently for use. It is 
broken up into pieces of the same size as the lump ore, and 
charged together with this into ordinary pyrites-burners. In 
this case it is not necessary to observe a fixed proportion ; for 
the balls made in this way are .so hard that they can be thrown 
to the ground without being broken ; they do not fall to 
powder in the burners, and they burn out as well as lumps ; 
thei'-- cinders are, of course, of the same value as thOse from 
lump ore, whilst tho.se mixed with clay make the utilisation of 
the ferric oxide, produced at the copper-extraction works, very 
difficult' 

The principal drawback of the process is that the mills 
suffer very much wear and tear from the hard pyrites. In 
spite of this, it was formerly the most usual plan in the large 
English factorie.s. The cost of labour for grinding, carrying to 
the top of the burners, for drying, taking down, breaking up, 
and laying down in front of the burner.s, is heavy, and to this 
must be added the power for working the mill, and'wear and 
•tear of the same. ''' 

The process jjjsT described is not applicable in cases where 
the great bulk or fhe whole of the pyrites employed is in the 
form of dust. In such cases at one time the only available 
contri\larIce was the muffle-furnace (p. 356), with all its great 
drawbacks. The ^rst who proved that the heat generated by 
the combustion of ferrous bisulphide is sufficient to keep the 
process going without any external aid', quite as well in the 
case of pyrites-smalls as in that of lumps, was Moritz Gersten- 
hofer, whose furnace is described at length and shown in .several 
diagrams in Lunge’s first edition, pp. 205-215. 
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The two great drawbacks of the Gerstenhofcr burner are: 
the very large amount of flue-dust produced in it, and the very 
incomplete desulphurisation of the ore (8 or lo per cent. S in 
the cinders). Principally for these reasons this ingenious 
furnace has been abandoned agaili nearly everywhere, and is 
now only used for roasting “ coarse metal ” in a 'few cupper- 
works. At the F reiberg works, where it was used for a varic^ 
of mi.xefi ores ($5 to 36 per cent. S), it has been replaced 5 y 
tl»e Rhenania furnace, to be described below. 

According to Schcurcr-Kcstner,' Perret later on constructed 
a furnace resembling Gerstenhofer’s. As nothing more has 
been heard of it, its success cannot have been so great as 
anticipated. 

The object but imperfectly attained by Gerstenhofer’s inven¬ 
tion has been realised by a very simple plan—so simple, indeed, 
that it was not thought worth patenting at the time, although it 
has subsequently proved to be of immense importance. MaRtra, 
owner of the works of Petit Quevilly, near Rouen, after having 
for some time burnt his smalls by means of an Olivier-Perret 
furnace, conceived the idea of separating the upper pait of this 
furnace from the lower, and working the dust by its own heat 
of combustion without any aid from a lump-burner. This idea, 
which was worked out about 1867 with the aid of Tinel, proved 
entirely.successful ; but in spite of this„and also of the “ shelf- 
burner" being the simplest and cheapest of all dust-burners, it 
became comparatively slowly known ; but after 1873, when it 
became better known through the Vienna E^iibition, it spread 
on the Continent with extraordinary rapidity, whilst for a 
long tim« R attracted little attention in i?ngland. The first 
burner out wf France seems to have been erected at the work.5 
of Schnorf Brothers, at Uetikon, neap I^irich, in 1870; in 
Germany, the first was erected at Kunheinn’s works in Berlin. 
Even if, as it would seem, some form of those simple shelf-, 
burners had been previously in use here and tlierc, their 
successful application for burning pyrites-sfnalls seems first to 
have been effected by Ma^6tra’s works. 

37 gives a longitudinal, F'ig. 38 a cross section, the 
latter through two furnaces. Usually a whole set is built in a 
row. In order to start it, a coal-grate, a, and fire-d'oor, b, are 
I Bull. Soc. Chitrx, 45, 228. > 
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provided, which are walled up when the burner has got up to 
the necessary heat.* During this time the top working-door 
remains open. The air enters through /, and is regulated at 
will. The gas travels over all the shelves in series, as indicated 
by the arrows, escapes through in into the dust-chamber,«, and 
through 0 into the acid-chamber or into another dust-chamber. 
The chamber n is covered by a metal plate, /, upon which 



F'lc. 87 . 


^ead pans, r, r, arc placed, in which chambcr.''acid can be 
concentrated from;.! 12“ to 144“ Tw. The acid of one pan 
communicates wifb.that of another (as usual) by siphons or by 
simple overflows. The shelves are 8 ft. long and 5 ft. wide; 
they are .not equidistant, as can be seen in the drawing; the 
upper shelves, whert more gas is evolved, are wider apart ’than 
the lower ones, where the radiant hett of the shelves is all the 
more useful. The best distance for the upper shelves is 4J in. 
In order to burn a larger quantity of pyrites, it is not possible 
to leave the ore lying quietly, as in Olivier-Ferret’s burner; 

’ This arraijgenient is jiow hardly ever used.— W. W. 
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since here the external heating by the lump ore is missing, 
the combustion would be too incomplete, and the heat would 
soon get so low that the burning would cease. The mass 
must therefore be turned over, which is done in the following 
way Every four hours the contents of the lowest shelf, g, are 
drawn through the door k on to the arch t (which is level at 
the top, but slopes behind), after the burnt ore lying on t^ 



FlO. 38. y ^ 


arch has first'been pushed through the door k to the opening* 
into the pit u. Th*en through the door f'th^ Contents of / are 
pushed down to the plateand there levellec} again. Thus the 
higher shelves are successively treated, till the highest one, c, is ’ 
emptied and can be charged with fresh ore. The coittdnts of 
the pit u are removed once a day by the door v. The move¬ 
ment of the ore by removal from one shelf to another causes 
its thorough combustion, and thus also raises the heat. Four 
furnaces of the above dimensions burn daily 3 tons of pyrites. 
From 6| to 7 lb. of ore are calculated for each superficial foot , 
of shelving per twenty-four hours. 1 • ‘ ^ , 
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Sometimes the shelves are made in the shape of a very 
flat arch, for the sake of"grcater stability; or at least the 
bottom is arched, especially in the case of wide shelves. 

The burners arc now generally built as shown in P'igs. 39 



and 40, so that the shelves can be easily replaced when 
broken. 

The firebrick of the shelves should be as thin as possible, 
consistent with stability, and the spacing of the shelves should 
be considered in each case, because while the distance should 
be as small as possible the spacing must depend on the quality 



' of the ore which is to be burnt, if the best results are to be 
obtaitfcd. 

In Lunge’s second edition, pp. 255-256, a furnace is described 
having seven shelves, each served through its own door—three 
on one side, four on the other. On the Tirst side there is also 
the ash-pit door, 18 in. square, for drawing out the cinders, 
which is thus done in the usual way, not by the rather inac¬ 
cessible pit of Mal6tra. Tfhe doors all slide with their planed 
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margins on equally planed ledges cast on the front plates, so 
that luting or plastering is not neceasary. There are no special 
openings for the air, as, in spite of the planed sui faces, suflicient 
air enters to support the combustion. 1 he regulation of the 
draught is here effected entirely by’the chimney or fan damiicr. 

In this burner dusi and peas are burnt together, and the 
sulphur is burnt down to i per cent. ; thus the grinding yjT 
the smalls, whi^h is still practised at some works, is done 
awiy with. 

Most manufacturers now consider that burners worked from 
both sides allow too much false air to enter, and therefore prefer 
arranging two rows back to back. 

Lunge * describes and illustrates the burner of II. H. 
Niedcnfiihr, which overcomes this objection, but we only here 
give an illustration of a cross section of this (Fig. 41). 

One of the principal advantages of the shelf-burners is that 
the ore is burnt out to a much larger extent, not merely than 
with any of the older forms of dust-burners, but even with the 
best lump-burnens. Even without grinding the smalls^it is 
quite easy to keep the sulphur in the cinders down to I’S per 
cent. At many works, e.g. at Uetikon, the average amount of 
sulphur in the cinders never e.xceeds i per cent., and frequently 
it is below. At Mal6tra’s own works they get down to 0-6 or 
0-8 per cent, but this can be done only by crushing the smalls 
down to an almost uniform fine powder. The amount passed 
through the burner also influences this. Sorel stales that a set 
of burners, charged will} about 7 lb. per sq. ft. of ore every 
twenty-four hours, was regularly burnt do'vn^to 0-75 per cent. 

Such results can, of cour.se, be obtained only with pure ores 
free from zinw, lead, etc. Hence the cinders from .shelf-burners> 
are readily bought lay ironworks, both for"bkj.s|;-furnaces and for 
other purposes. 

The Maldtra burner is particularly adapted to rich ore.s. ’ 
With a 50 per cent, ore good results are obtained, if frdm 5-8 
to 6-6 lb. per sq. ft. per twenty-four hours is burned. The lowest 
limit is 5'0 lb., and this Should be only exceptional, because 
otherwise the burners cool down. The shelf-burner is not 
well adapted for poor ores—that is, below 38 per cent sulphur. 

In a six-shelf burner there ought to be scarcely any purple 
1 Fourth edition, »p. 469. 
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flame visible when pulling the charge down from the top shelf 
to the second shelf The second shelf is at a bright red heat, 
the third one less so, and so forth; the back part of the fifth 



O p 


ought to be visible only at night by the light radiated down¬ 
wards from the fourth, and the sixth ought to be perfectly 
black. 

Sorcl found the following percentages of sulphur on the 
dijfferent shelves 
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Sulphur in green ore 



50 per cent. 


First shelf 


• 

32 


Second ,, 



17 


Third ,, 



7 


Fourth ,, 



5 


Fifth „ 



2 

% 

Si'cth ,, 



075 .. ’ 



lie regnjarly foynd half of the sulphur in the cinders to !rj 
in the form of FeS, the other half in that of ferric sulphate. 

* Crowder,* in working with shelf-burners containing seven 
beds, charged once every eight hours (so that the charge takes 
7 X 8 = 56 hours to complete the course), found the following 
percentages of sulphur on the different shelves (nearly agreeing 
with Sorel’s results mentioned above):— 

AvpraKP (if 23 trials. Ditto rtf 2() trials. 


Ore charged 

50 

50 

per cent. S 

No. I shelf 

32-27 

CO 

>) 

- 

21-41 

> 7-55 


3 „ 

12-77 

11-09 

n 

i 

6-39 

5-05 


5 „ 

4-08 

3-42 


6 „ 

2-35 

2-56 

3 ’ 

7 „ 

2-27 

1-96 

>> 


If there is too much draught, the lower shelves cool down 
and the upper ones get hotter. This m:jy cause the process to 
appear as going on very well ; but it soon turns out bad. If, 
on the contrary, there is too little air, the bottom shelf becomes 
luminous and the sulphur in the cinders rises^iapidly. In both 
cases there is incipient fusion on the second shelf, which 
prevents tfae roasting from being carried tliiiaugh. This can be 
remedied bj^dmitting a little air at the door of the second, 
-shelf, or even mi.'clng a little dead ore with "the charge. The 
admission of air to the intermediate shelves serves also for 
bringing forward any burners which have got behind, and to. 
burn any sulphur subliming from the first shelf, in .case the 
burners are too hot, or from damp pyrites giving off sulphuretted 
hydrogen ; but this expedient, useful as it is when properly 
handled, must be efnployed with caution lest the bottom 
shelves get too cold from want of air. 

In the normal style of working, all the air required for 

1 /. Soc. Chem. Imi, kSgt, p, 298. ^ , 
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converting the sulphur into sulphuric acid enters at the bottom 
shelf, and this large quantity of cold air may lower the tempera¬ 
ture of the nearly burnt-out mass to such an extent that no 
more ferric sulphate is decomposed. It was at first attempted 
at. Maic'tra’s works to avoid this by leading the burner-gas 
downwards underneath the bottom shelf thus heating the latter 
and employing the ground-space as a dust-chamber; but this 
plan did not answer and was soon given up again. It has 
even been tried to utilise the heat of the burner-gases for a 
previous heating of the air serving for the burning process. 
Rut evidentlj' this must most seriously interfere with the 
draught, and will hardly answer in the long run. The same 
advantage would be secured more easily by admitting at the 
bottom only the quantity of air absolutely nece.ssary for 
completing the roasting of the ore, and allowing the remaining 
air to enter by a regulating-slide in the top working-door. In 
this case the bottom shelf will be visibly red-hot in the dark. 
This plan can be carried out where the draught is very good— 
for instance, by making the gas rise to a considerable height 
before entering the chambers, and never leading it downwards 
in any part of its course. Where a fan is used, there is no 
difficulty in regulating the admission of air as required. 

The management of shelf-burners is really easier than that 
of lump-burners, but st involves a little more labour. The 
working-doors must never be left open any longer than is 
absolutely necessary for the work ; in this case both the yield 
of acid and the consumption of nitre are just as favourable 
when working du'^ pn a shelf-burner as with the best lump- 
burners. p' 

• In order to start a new burner (which, of couree, must have 
been thoroughly, “^'ied in the ordinary manner), the com¬ 
munication with th^e chambers is stopped and a fire is lighted 
‘on the shelves, beginning with the bottom. Sometimes the 
necessity draught is obtained by means of a temporary chimney.^ 
After three or four days, when the burner is moderately red- 
hot (it is unnecessary and even injurious to get it up to a bright 
red heat), the remainder of the fuel is cleared away, pyrites is 
charged on the three top .shelves, and communication made 
with the chambers, whereupon the regular service is started as 
prpviously described. 
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((/) Combination of Lump-burners and Dust-burners for the 
same Set of Chambers. — Such a •combination is generally 
avoided, as the conditions of draught arc very different in 
each case. The writer, however, found little difficulty in such 
instances if frequent tests were mac!e of the burner-gas Icavijig 
the respective burners. 

if) Mechanical Furnaces. — The necessity of frequent^^ 
opening *thc dofirs in Maldtra’s and all similar furnaces is 
certainly a drawback ; it necessitates much labour, and cannot 
but introduce some false air. These drawbacks have been 
overcome in a most ingenious way in the mechanical pyrites- 
dust burners now on the market. 

APDougall Furnace. —A full description is given of the 
original type of M'Dougall burner in Lunge’s fourth edition, 
pp. 474-478. The burner then consisted of cast-iron rings 
6 ft. in diameter, bolted together, and forming seven hearths, 
the top one being used for drying purposes. Air was supplied 
by an air-pump to facilitate combustion, but this method is 
now disf:«nsed with. The capacity of such a furnaej^ was 
3i tons of ore per twenty-four hours; one with eight closed 
shelves, 5 tons per twenty-four hours. Mention was made of 
the great amount of dust given off in the early type of'burncr, 
amounting to 16 per cent, whereas in the later type it is 
approximately 4 per cent, depending»upon the degree of 
fineness to which the ore is crushed before roasting. 

The shell of the burner is now made of steel plates riveted 
together without any rings or flanges. The cTriving machinery 
for revolving the centre shelf and arms qpa^ be applied from 
either the^i^p or bottom, as desired. Fig. 42 illustrates the 
Z-I22 size, aid is 18 ft outside diameter, has six hearths, atid • 
is water-cooled. * * 

With regard to the capacity of the imiJroved burner, this 
has been increased considerably, and burners up to 25 ft. have* 
been made, consisting of six or seven hearths and oncf drying- 
floor. * 

The centre .shaft and *arms are cooled by water carried 
in pipes inside the dentre shaft and arms, or are air-cooled 
by means of air forced in by a fan. The amount of water 
required for cooling the shaft and arms of the 18-ft 
furnace would be approximately 3© to 25 ■gall, per minut/;,* 
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with the feed water entering' at 2i°, discliarging at 54° to 
66°. The horse - power required* for driving a M'Dougall 
furnace is comparatively small. For instance, a furnace 18 ft. 
diameter having six hearths only requires 2 to 3 h.p. 
However, a 5 -hp- motor or engine is generally provided 
in case any foreign substance happens to get in the furnace 
by accident. • 

TherS are several methods used for feeding the ore into the 
furnace: the plunger feeder, cam feeder, and scraper feeder, 
also chute and gate feed. The plunger feeder is the type most 
commonly used. 

RavUn Furnace .—A large number of different types of 
mechanical roasting-furnaces have been constructed and put 
on the market, but the principal, which is characterised by 
the so-called M'Dougall type, has for several reasons proved 
itself to give good results economically as well as technically. 
Several furnaces of this type have appeared under the names 
of the respective inventors. A new furnace of this cla.ss has 
recently been designed by Arthur Ramdn, and is worthy of 
notice. 

At .some industrial plants the prevailing opinion seems to 
be that there is some advantage in having a battery of'a large 
number of furnaces of low capacity rather than a small number 
of large. furnaces. The reason for thii is, that these small 
furnaces are easily manipulated, and if one or two only of 
them for some reason should get out of order or break down, 
the plant would be guarded against a total shut-down, as there 
still would bo a number of furnaces operat<nf|i One great dis- 
advantage^ij|th the small-size furnaces i.s, however, that they 
quickly lose iieir heat and cool down in case of a stoppage. ' 
One will readily fealise that a plant usi.ig large furnaces, 
specially designed to meet the exigencies tJiat tend to cause 
a shut-down, but which, if requiring repairs, can quickly be"' 
put in order again, must be of a great advantage as' against 
the small-unit plant. Such large furnaces can be stopped for 
several hours without losin*g much of their heat, and the cost 
of operation, also the* cost of repairs per ton of ore roasted, 
becomes lower than with the small units. The first c,ost per 
unit of roasting area is also lower with the large-capacity units. . 
Besides, they produce a more everjy roasted calcine and a 
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more even furnace gas (SO2). Another advantage of the 
larger furnaces is that lean sulphide ores can be roasted 
without using any extraneous heat. 1 hese ores cannot be 
roasted in small furnaces on account of the difficulty of pre¬ 
serving the, heat in these. 

The Ramdii furnace about to be described is made of three 
dTferent types: 

Type RI., uncooled arms. 

„ RII., air-cooled arms. 

„ RIII., water-cooled arm.s. 

Type RI. is made in sizes having capacities of 3 to 10 
tons of ore per 24 hours, and contains five or more hearths 
according to their capacity. The arms are made as short as 
possible in order to eliminate the risk of breaking. This is 
accomplished by making the central shaft of large diameter, the 
roasting area being only decreased a very small amount thereby. 

Type RII. is for capacities of 10 to 15 tons of ore per 
twenty-four hours. The central shaft is made slightly over 
3 ft. i;; diameter, and the arms are fastened in a special manner, 
to be described later. 

Type RIII is made in sizes from 15 to 25 tons of ore per 
twenty-four hours, and has water-cooled arms. 

In case of ores containing insufficient sulphur for self- 
roasting, Ramdn supplies a furnace with extraneous firing, 
using either coal, gas, or oil, etc. 

The above capacities are all ba.sed upon a sulphur content 
of 48 per cent. 

In the typesand RIII., the arms are carried by a 
central shaft made out of cast-iron or steel pL' -■T, which is 
large enough to allow a man to enter it from below or above. 
It rests on a baM 4 )earing of special construction, and the top 
part is supported "by roller-bearings. The largest unit of this 
furnace has a power consumption of about 2 h.p. 

The outside o^ the central shaft is covered by .specially 
made bricks which protect it against the heat of the furnace, 
at the same time preventing loss of heat through this iron 
shaft. In order to prevent the ore falling from one floor to 
another, along the central shaft, there are iron rings, so-called 
umbrellas, fastened to the shaft. It is well known that the 
brick arches in a furnace of this type will rise with the 
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increase in temperature, which migiit cause serious trouble, 
if the distance of the rakes above the arches is not care¬ 
fully observed. In order to adjust this quickly and without 
necessitating the exchange of rabbles, the central shaft is so 
constructed that it can be raised or lowered, according*to 
prevailing conditions. One readily realises that this is an 
important detail Jn a furnace of this type. • 

In the case of any obstruction getting in the way of an arm 
thSre is a safety device which will snap off in preference to the 
arm, causing the central shaft to stop, thus protecting the furnace 
against serious breakdown. 

One of the most important details in a furnace of this type 
is the construction of the arms. These must be .so arranged 
that they can easily be exchanged without allowing the furnace 
to lose its heat. In Ramen furnaces having water-cooled arms, 
the water connections can be undone from the outside of the 
furnace, thus avoiding the necessity of a man entering the 
central shaft. The water-pipe having been thus disconnected, 
the arm is pulled out and a new one put in in a short-time. 
Each arm has its own water connections. The construction 
of the arm is such, that it al.so acts as a holder for the rakes, 
an arrangement which is well known. 

Special attention has been given to the speed of the central 
shaft and'to the stirring of the ore, in order to secure a satis¬ 
factory roasting. In cases where tivc conditions of the roasting 
process are such that air-cooled arms are preferred, this type 
is supplied, and the.se arms can be exchanged in the same 
manner as the water-cooled ones. • ^ 

The ore" Is fed to the furnace in conjunction with the 
running of th^ centj'al shaft, and can be adjusted according to 
the tonnage that is to be roasted. The tog nrch arts also as 
a dryer, so that the ore is dry as it enters the furnace. Thi.s^ 
feeding arrangement is very simple, and requires little ajtrjition 
after having once been adjusted. * 

The Ram^n furnace has,a drive of similar construction to 
the Ramcn-Beskow chlpridising furnaces. Some of these have 
been in continuous operation for more than eight years without 
requiring any repairs. All the principal bearings are‘of the 
ball-bearing type, and, as mentioned above, the^power consump- •' 
tion is low, and so is the consumptioit of Rubricating oils. 
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The arches arc also constructed as in the Ramcn-Beskow 
furnaces. 

In order to facilitate erection a new method is adopted. Up 
to recently, it has been the custom to erect mechanical furnaces 
by first putting up the iron parts. On account of this the 
erection was often delayed, because the iron parts required 
Iciiger time for delivery than the bricks. In erecting the 
Ramen furnace, the following is the procedure:— 

Having finished the foundation, the outside shell, vvhiclf is 
made of reinforced concrete, is built next. Then follows the 
brickwork, including the arches. Having completed this, the 
iron parts arc placed in position, and the furnace finished. By 
this method of construction considerable time is saved. 

Furnaces erected according to this method, and after being 
in use for a number of years, have been proved to work quite 
successfully. 

Ramtln (B. P. 118812) claims the method of fixing the 
arms in the water-cooled type, there being an arrangement in 
the uliaft of a movable and detachable water-supply pipe for 
each stirring arm, the pipe at its outlet being removable, or 
permanently connected to a hollow valve body which corresponds 
to a valve seat, surrounding the water-inlet of the circulating 
channel of the arm, and adapted to be tightly pressed against 
the seat either by moving the pipe itself, or independently 
thereof, by a member manipulated from outside the furnace. 

B. P. I22i4 pf 1911 describes the method of fixing the 
uncooled arms to the central shaft of either the chloridising or 
pyrites roasting i‘,iri,ace.s. 

B. P. 23641 of 1909 de.scribes the autornAiic feeding 
arrangement, which is well known to users of the Ramdn-Beskow 
chloridising furnaces, and therefore need not be described here. 

The feeding ddvicc in the Ramdn pyrites furnace is a modified 
application of the Ramdn-Beskow feeding arrangement. 

K. Walter has constructed a special burner for “peas" that 
is, small pieces of ore between the size of a hazel-nut and such as 
pass through a sieve with eight holes to the linear inch. This 
apparatus is described and figured in Lunge’s first edition, 
pp. 223-229. 

Walter’s burners require a strong draught, and must be 
Nvorked for a separate set jf chambers ; with insufficient draught 
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very large scars are at once formed. As they are only adapted 
for a special size of ore, they have not met with any extended 
application. 

An important modification is the burner constructed by 
Herman Frasch, which avoids mo.st of the difficulties of Jhe 
above system by the introduction of water-cooling. "^I he I'rasch 
burner has been described in Z. angew. Chem., 1894, p. 15, ai^d 
in Lungt’s fourth edition, p. 480. 

• Lunge mentions {ibid.) that he was convinced by per¬ 
sonal observation of the excellent working of this apparatus, 
especially also of the fact that the protective water circulation 
between the hollow shaft and the hollow side-arms is quite 
sufficiently effected by the steam formed in the latter. 

According to a report received from Mr Frasch, his furnaces, 
which are now regularly made 1 6 ft. wide, have done perfect 
work ever since ; many of them are in operation at different 
works of the Standard Oil Co. for the purpose of roasting 
metallic sulphides. The heat produced in the interior of the 
shaft and arms is utilised by attaching a steam-drum J.o the 
highest portion of the water circulation, and the steam is used 
under 2 atmospheres’ pressure for distilling benzine out of light 
petroleum oils. • 

Ridge Furnace. —F'lg. 43 shows a longitudinal section, and 
Fig. 44 a horizontal section on line B»B of Fig. 43, of this 
furnace. 

The ore is fed continuously on to the top roasting-hearth 
near to and behind the shaft, where the gas is practically 
stationary, and is stirred in a gradually gic^^asing spiral until 
it reache^-tlie periphery of the rabbled zone, and then passes 
into the zonr^ rabbled by the second shaft. Here it is stirred* 
in the gradually decreasing spiral towar<Js* the centre, and 
passes on to the second hearth. The sameltravel of ore takes 
place on this, and also on the third, fourth, and fifth hearthS^^ 
From the latter is a discharge through a special arranjfemcnt 
which prevents any inrush of cold air into a*trunk or conveyor. 
The rabbles which come itito direct contact with the ore are 
the only wearing parfs. These have renewable feet, which arc 
easily and quickly replaced. The shafts and arms are^strongly 
made, and experience shows that they last many years without 
renewal. The height between each, hearth and the underside 
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of the arch above is small, and the gas space appreciably less 
than in other types of furnaces. Owing to a special design, 
the underside of the arch is made nearly horizontal, .so that 
the air and gas are forced down into close contact with the 
ore. In consequence of the straight-line travel of the gases 
in the furndee, and the position where the ore drops from one 



hearth to the next, the gas leaves the furnace remarkably free 
from dust.. Careful determinations of the dust loss, extending 
over several months, were made on a furnace treating very 
finely crushed ore, which would aH pass a screen with 40 
mesh to the linear inch, and included a‘ considerable propor¬ 
tion finer than 120 mesh; the result showed that only about 
i per cent, of the material was carried forward with the gas. 

The centre hearths of the furnace are cooled by means 
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The furnace is very flexible in use, and the capacity rises 
noticeably when finer crushed ore is fed. When an ore requiring 
a longer or shorter time in the furnace is to be treated, adjust¬ 
ment is quickly and easily made by a few of the rabbles on 
each or some of the arms with other rabbles having a slightly 
different artglc. By this means an existing furnace can be 
immediately adapted to varying conditions, and the best results 
obtained in spite of large variations in the ore. 

Harris Furnace. — John B. Harris (B. P.s. 23331 of iq'O, 
28078 of 1911, 21897 of 1913: Go'". Ps. 247695 and 
259208; Fr. P. 432121) describes a mechanical burner, 
divided into vertical compartments, with arrangements at the 
flues and slides permitting repairs. The lower coils are placed 
in a cooling-channel. Above the arched bottom of the lowest 
roasting-bed there is a partition with zigzag channels for 
introducing external heat for the purpose of completing the 
roasting. The ore is supplied in successive portions ; every 
charge is removed from the neighbourhood of the entrance- 
plane previous to the arrival of the next charge, and t'le ore is 
moved over the furnace-bed in such a way that every charge is 
kept separated from those preceding and following it, up to the 
time thajt it has approximately attained the proper temperature. 
According to Chetn. Trade ]., 1914, p. 182, several Harris 
burners have been erected in England and on the Continent. 
Piach compartment is said to roast off 7 tons pyrites-smalls 
in twenty-four hours ; the cinders are automatically removed, 
with a minimum'* of manual labour. The ca.st-iron vertical 
shafts and the blades are cooled by water. Separate channels 
are provided for the ascending roasting-gases, and f..r the ore 
.dust, descending from bed to bed, which reduces the forma¬ 
tion of dust to such ah extent that no cooling-chamber is 
required, and the gas can be passed from the gas-flue straight 
i.ito the Glover tower. For each compartment one horse¬ 
power is. required to do the work. The Harris Furnace 
Company contend" that their furnace is cheaper than all 
other mechanical burners, and equally well adapted for rich 
and small ores ; for the roasting of zinc-blende and other 
sulphides it may be provided with an auxiliary heating 
arrangement. 

The same inventor (Ger. P. 273045) describes an agitating- 
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shaft for mechanical ore-burners, provided with water- and air- 
cooling, with water-cooled, rake-shaped stirring-blades for the 
higher outside compartments, and air-cooled blades for the 
central, lower compartments, which travel mostly within the 
roasting material; this admits of greatly reducing the height 
of these central compartments and of working economically. 

The Herreshoff Furnace .—The llerreshoff furnace is sold 
by the (jencral ffhemical Company of New York, the Pacific 
Fcwndry Company of San P'rancisco, and is covered by many 
American and other patents. 

The former shape of this furnace and its working are 
described in Lunge (fourth edition). Part I, pp. 482-488, figures 
117-118. In the place of this we shall now describe and 
illustrate the latest type of this furnace showing air not only 
used, as heretofore, as a cooling medium for the shaft and arms, 
but also utilising the same air for temperature control through 
the medium of the so-called temperature flue.s, incor|)orated in 
the brick lining of the shell, whieh supplements combustion in 
the various hearths and mea.surably increases the capagjty of 
the furnace. 

There were in 1921 over 2200 of various sizes of the 
Herreshoff furnace in practical and economical operation in 
the following fields :— 

1. Koa.sting pyrites for manufacture of sulphuric acid. 

2. Roasting pyrites for manufacture of sulphite pulp. 

3. Roasting pyrrhotite. » 

4. Roasting of mixed sulphides for magnetic .separation. 

5. Preliminary roasting of simple or cbirifrlex sulphides for 

metallurgieal work. 

6. Calcining o^ materials where specific temperatures must 

be maintained for a given period o( time. 

7. Drying. 

The new Herreshoff furnace (also covered by a mimber of 
American and other patents) is the direct result of an extended 
and intensive study in roasHng the fines of ore. The irregulari¬ 
ties in operation of miny “ fines ” burners have sprung to a con¬ 
siderable extent from two causes. P'irst, slagging and sintering 
of the roasting ore, which caught the arms and rabbles, some¬ 
times breaking them; and second, fxcessive'dust production,* 
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which necessitated cleaning of flues and consequent interrup¬ 
tions. The latter will be dealt with in a later part of this 
chapter, where the flue-dust is specially treated. 

It was .soon discovered that slagging and sintering was 
in,rcality a fusion of the FeS resulting from the oxidation of 
half of the sulphur in FeSj, that the fusion did not occur until 
after that sulphur was driven off, and that it did not occur when 
there was a quantity of Fe^Og present. 

The problem immediately resolved itself into a regulation of 
the temperature of the roasting-ore between the points where 
the first atom of sulphur had been oxidised, and where sufficient 
iron existed as sesquioxidc to prevent fusion. 

This is accomplished by means of the cooling, by air, of the 
central shaft and arms and by the introduction of this air into 
the temperature control flues, thereby equalising the tempera¬ 
tures on the various hearths, and thus controlling the temperature 
of the roasting ore between the proper limits. It was found, 
when water was used as a cooling medium, that it was neces¬ 
sary .tp run through the shaft and arms sufficient water 
to prevent the temperature from reaching the boiling-point 
(otherwise it will form incrustations in the pipe.s), and, more¬ 
over, water was found to be a cooling medium of insufficient 
elasticity. One might imagine that the slagging of ore could 
be prevented by cooli.ig the entire furnace by means of decreas¬ 
ing the thickness of the brick lining of the shell, but here again 
the difficulty was encountered that with ores of lower sulphur 
contents the temperature of the furnace as a whole dropped 
below the combu<:fio;i-point, and that the cinders resulting ran 
too high in sulphur. 

' The inventor finally settled on air as a coding medium, 
claiming that it i^ plastic and that the quantity of heat extracted 
can be regulated, i He also found that the lower hearth should 

Ue operated at as high a temperature as possible, for the 
presencef-of an excess of FcjOg prevents fusion, and the higher 
temperature will okidise the remaining sulphur in the cinders 
more completely. In other woras, instead of having, as 
formerly, the maximum temperature in the upper hearths of 
the furnace, through the agency of the temperature control 
flues the heat is equalised on all the hearths, which completely 
oxidises the ore' and allqws the furnace to be operated at 
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its highest efficiency. The life of the central .shaft and arms, 
as well as of the teeth, is prolongedtby internal cooling. This 
cooling is accomplished by air, which is forced into the bottom 
of the shaft, as shown in the illustration, Fig. 45, and then 
delivered through the central shall, from which it passes in 
multiple at once into all the arms. After 
cooling the arms and .shaft, the air is conveyed 
to the annular .•bustle pipe surmounting the 
vestical temperature flues, through which it 
passes to the bottom 
shelf, thus fulfilling a 
twofold purpose : first, 
the equalisation of 
temperatures on the 
hearths ; secondly, ad¬ 
ditional oxidation for 
combustion by the ad¬ 
mixture of pre-heated 
air. Th<i general prin¬ 
ciples of the construction 
employed to accomplish 
this appear in U.S. 

P. 1181183 (1916)1 

1181184 (19*6), and 
elsewhere. 

In the manufacture 
of acid, when burning 
pyrites containing above 
24 per c*r.t. sulphur to 
a dead roast,^the roast- Fm. 45 . ■> 

ing capacity ma/ be 

estimated to be about i 3 lb. of sulphur ppr sq. ft. of hearth 
area in twenty-four hours. 

No accurate statement as to the capacities of fi.'jmates in 
pounds of sulphur or tons of pyrites per twJnty-four hours can 
be made without a knowledge of the chemical composition or 
physical character of'the ore to be roasted. In general, the.se 
furnaces will oxidise O'S to i-o lb. of sulphur per hour per 
sq. ft. of hearth area from pyrites ore 40 per cent, or 
higher in sulphur, to 2'S or 3 per cent, sulphar in the roasted' 




















380 


THE PRODUCTION OF SULPHUR DIOXIDE 


ore. It can be assumed that capacities are lowest for dead 
roasting and greatest in metallurgical work. 

The repairs on these furnaces are insignificant. The design 
is such that the temperatures of the cast-iron shaft and arms are 
maintained at about 427“, at which point there is no con¬ 
densation of acid, and the cast-iron is at the- point of maximum 
strength. 

The new Herreshoff furnace has a cylindrical steel shell 
placed vertically, lined with red- or fire-brick, and in this shell 
brick hearths are placed horizontally one above the other. 
Utilisation of the top (or roof) of the first hearth has been 
made so that it acts as a pre-heater. The ore drops from the 
hopper to the hearth and is rabbled across it, thereby freeing 
itself of a great portion of its moisture content Passing down 
through the centre of these hearths is a double vertical hollow 
shaft. Attached to this shaft arc one or two removable arms 
at each shelf, and replaceable rabbles, or teeth. On the first 
hearth they are placed at such an angle that the revolving arms 
plough and turn over the roasting ore in a regular wajf, making 
it travel from the centre of the hearth outward. From there it 
discharges through proper openings on to the hearth below, 
where the teeth are placed at an opposite angle to the one 
above, so as to turn and plough the ore from the outside toward 
the centre of the furvace, where it again drops to the hearth 
below, as shown in the vertical section. This operation is 
repeated until the ore finally discharges through an opening 
placed at the ouier edge of the bottom hearth. The rabble 
teeth are so arran,gc(i, in regard to their pitch and progression, 
that the movable ore body maintains a regular form ef furrows 
.equal in depth,from the centre to the circumference,<?n all hearths. 

The hearths arc of specially moulded arch firebrick. The 
openings in the he?irths for the passage of the gas and discharge 
of ore are carefully calculated to prevent dust nuisance. 

The "Ohaft, of close-grained special cast-iron, is made in 
sections bolted together to facilitate manufacture and erection. 
It consists of an inner chamber in.o which the cooling air is 
forced, and an outer chamber which carries away the air which 
has cooled the arms. The shaft is provided with sockets in 
which the arms are placed. It is mounted on a special button- 
bearing, on which it revolvps. 
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The arms are made in two types—either of cast-iron, bolted 
directly to the shaft, or of removable steel pipes (this type 
may be renewed without appreciable interruption to the opera¬ 
tion), which fit into machined arm-sockets bolted to the shaft. 
In each case the arms contain two passages!, the one for receiving 
the cool air from the inner chamber of the shaft, the other for 
expellin" it to the outer shaft-chamber. ^ 

The rabbles,*of close-grained special cast-iron, are of two 
types, depending upon the kind of arm used. In either case 
they are removable. In the bolted type of arm they are 
attached by means of a button held in a groove which runs the 
entire length of the arm. These rabble sections are identical in 
pattern, automatically adjusting themselves to the proper angle 
for most effective rabbling. In the removable steel-pipe type of 
arm the rabble sections arc attached to the outer pipe by bands 
which are cast as an integral part of the rabble sections. 

The shaft is driven from the bottom by means of a cast-iron 
gear and pinion, and makes one revolution in from 20 to 150 
seconds, depending upon the kind of roast. Speed reductions 
are made by spur gear, reducing worm gear, or variable-speed 
pulley with belt drive. 

The Herreshoff furnace is built in diameters of 11 ft. 
7) in., 15 ft. 9I in., 18 ft. o in., 19 ft. 6 in., 21 ft. 6 in., with 
from 5 to 9 hearths as retiuired. In addition a laboratory size 
has been developed for experimental purposes. This has a 
diameter of 4 ft. 6 in., with 6 to to hearths as required. 

Ores containing more Jthan 20 per cent. sVilphur can usually 
be roasted without the use of extraneous fuet In roasting ores 
where e.^traneous fuel is required, such as zinc blende, ores for 
chlorination,^n the decomposition of tclluride, or for calcinationf 
a fire-box can be ^dded. ^ 

Mechanically, the operation of a Hirreshoff burner is 
extremely simple, as it consists merely of regulating tire 
amount of material fed to the furnace and conli««lliT)g the 
admission of pre-heated air to the bottom* hearths to obtain a 
proper temperature and gSs concentration. By the installation 
of the temperature-control flues the most effective distribution 
of heat is secured, and the maximum capacity of the furnace 
obtained. 

Thorba Furnace. — Another ^rnace Is the “ Thorba*’ 
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mechanical furnace, supplied by P'. W. Bakema, Ililvcrsum, 
nr. Amsterdam. The fuhiace is cylindrical in .shape and 
built of fire-proof bricks, the interior being divided into several 
hearths by means of fire-proof shelves or beds, all the movable 
parts being constructed of iron. For each hearth there are two 
diametrically opposed hollow stirring arms, fixed on the hollow 
central shaft. 

In the top of the furnace there is a special feeding apparatus, 
through which the pyrites is fed automatically in regulafed 
quantities, on to the upper bed, where they are spread out by 
the slanting teeth of the arms. By means of these teeth the 
pyrites is guided downwards in a radial direction from the 
peripliery to the centre of the furnace, and vice versa from bed 
to bed, the burnt ore being removed through a closed conveyor 
at the bottom of the furnace, and the air for combustion passes 
through the furnace in an opposite direction. 

The feeding apparatus may, without stoppage, be regulated 
from o to about 40 tons. 

Thf*se furnace arms are cooled by means of vvatci, in con¬ 
sequence of which they are kept cooled so effectually that they 
keep their original shape and strength and do not break. 
The teeth, which are connected to the arms in a simple way, 
arc said to show hardly any signs of wear, and only in the 
very hottest beds rc<iirirc now and then to be replaced. 

The cooling water runs freely in and out, so that no stuffing- 
boxes arc required. 

As mentioned above, the iron parts, viz. the arms and the 
shaft, arc cooled »by water. This water cooling is arranged 
simply and practically, in such a manner that the quantity of 
tooling water flowing to each of the arms may I'e separately 
regulated. Water -s saved and the arms may always be kept 
under control. This arrangement also renders possible the 
cleaning of any arm by rinsing in opposite directions, .should 
there be &lly obstruction to the passage of water. The teeth 
are connected to tfie arms in such a way that they may be 
very easily removed, and do not stick so fast as to cause a 
stoppage. 

The writer was informed that these furnaces had been in 
operation for several years without any stoppage occurring. 

'After passing through the furnace, the cooling water serves 
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as a feed for the steam boiler. The quantity is regulated in 
such a way as to maintain the temperature of the water running 
away at from 6o° to 8o°. The arms through which it runs are 
therefore never heated above the latter temperature, and this 
is a favourable point as regards the'durability of the arms. 

The generation of dust, caused by the falling of the pyrites 
from shelf to shelf, is, in these large furnaces, proportionately 
less than* in smaHer one.s. The number of falls in this larger 
furnace is only a fraction of what it would be in a corresponding 
number of smaller ones, and consequently the dust is reduced 
in proportion. The driving mechanism is simple and the power 
consumption low, being 3 h.p. at the starting and only 11 
h.p. when in operation. 

fn the larger types a screw-thread is introduced into the 
bottom, so that the entire mechanism (shaft and arms) can be 
lifted or lowered. This is very practical, as of course there 
comes .some movement in the masonry of shelves in dimensions 
of 20 ft. in diameter. 

The upper shelf acts as a kind of kiln-dryer, which prevents 
the caking of the pyrites in the furnace. 

The Thorba furnaces arc built in three si/.cs :— 


I'.ipacHy pt-r 
-t honis. 


Innttr 
1 ‘liimpt'T. 


Wfij'ht of"' 
lion riiit-s. 


8 to 11 tons. 
1 2 *0 I 5 
16 „ 20 „ 


14 ft. 9 in. 17 tons. 

17 „ o „ 23 „ 

20 „ 2 „ 27 „ 


Wedge I'uniace .—The Wedge furnace is built in various 
diameters, up to 25 ft., and with varying numbers of hearths— 
3 . S. 7 , ete 

The central vertical shaft is 5 ft. in diameter, and is 
insulated from the heat and destructive gases of the furnace 
by special fire-tiles and insulating material, which are attached 
to and revolve with the shaft ; therefore no air or water ij 
required for the cooling of the central shaft, thus cliaiitoting 
the disturbing factor which is present where cast-iron shafts arc 
used, since these must be cooled by either air or water, which 
introduces a cooling Clement into the heart of the furnace. 
The shaft, being 5 ft. in diameter and open top and bottom, 
forms a natural stack, and allows the arms to be locked on 
the inside of the shaft, where the arm-locking device is accessibly. 
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Further, it permits of a separate pipe for air or water to each 
arm or tandem arms, or an/ combination desired ; or air-cooling 
part of the arms and water-cooling remainder, with control over 
the quantity of air or water circulated through each arm. Where 
air is used for cooling, butterfly valves are located in the air- 
feed pipe fo each arm, permitting regulation of the quantity of 
air circulated. There are also valves so that the hot air can be 
used for feeding the furnace, or otherwise deaL with. Thus full 
control over draught conditions is possible, with a consequent 
uniform gas for the production of acid. 

When it becomes necessary to change an arm, a workman 
enters the central shaft, and the only tool required is a wrench 
to loosen one small nut, in order to release a dog, which in its 
turn releases the arm, which may then be withdrawn by work¬ 
men outside the furnace and a new arm inserted ; the dog is 
then thrown into position and the arm held by tightening one 
nut. On account of the insulation around the shaft it is not 
much hotter inside the shaft than immediately adjacent to the 
outer shell of the furnace, and an arm can be cha.iged in a 
hot furnace in less than an hour’s time. In fact, one of the 
advantages of the furnace is that all ordinary repairs incident 
to the operation of a roasting-furnace can be made in the 
furnace while hot. 

h'ig. 46 shows the construction of the Wedgf furnace. 
In this type the material to be roasted is fed from a bin or 
hopper, to the top of the furnace at the periphery. From this 
point it is rabbled towards the centre, and enters a luted feed. 
This feed is adjustat;le and rejects oversize material, and works 
on the principle of a .sand lute, thus preventing the inlet of 
' false air or the discharge of gases. From this point the ore is 
rabbled to the periphery, then dropped to the next hearth and 
rabbled to the cetitre, and so on until finally discharged through 
drop-holes arranged at the periphery of the bottom hearth. 

Tire furnace arches may be built of straight nine-inch brick 
and levelled with inert material, or may be built of special 
bricks, giving a level working heai'th. In the larger-diameter. 
furnaces, and especially for high-temperature roasting, a high- 
grade firebrick is used in the construction of the arches, 
reducing to a minimum the rise and fall of these caused by 
expansion and contractioq. 
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There are two types of bearing used for the central shaft. 



Fio. 46 . 

With the bearing shown, a wide base is formed by the master- 
gear, which is carried on supporting rollers, there being no* 

































386 


THE PRODUCTION OF SULPHUR DIOXIDE 


weight on the centre, the pin at this point being simply a 
guide pin. Each supporting roller has a screw-jack, permitting 
its adjustment to keep the master-gear level and the shaft 
vertical. In this type no bearing is required at the top of the 
shaft. Furnaces are also' built with a step button-bearing, 
also a sWp roller-bearing, in which construction a centre 
bearing is required at the top of the shaft, which is carried by 
beams supported on the shell of the furnace. . 

Various types of arms are used, depending on whether they 
arc air- or water-cooled, and whether it is desired to admit into 
the furnace a certain amount of air from the arms on various 
hearths, or have a closed circulation through the arms. These 
arc cast with a diaphragm through the centre, extending close 
to the outer end of the arm, thus making positive circulation of 
the cooling medium. 

Various types of rabbles are also used, with different angles 
and length, according to circumstances ; and also various designs 
for carrying the rabbles on the arm, some being made rigid, and 
carried on the undcr-sidc of the arm, as shown. There is also 
the overhanging type of rabble, which rides on the hearth and 
will rise or fall with any obstruction. 

For zinc, two different types of furnace are in commercial 
use, one where the gases are utilised for the production of acid, 
and the other where the gases are wasted. The principle 
observed is that most zinc blendes will auto-roast down to 
5 per cent, or 6 per cent, sulphur, thus making possible the 
production of acid from the gases. These furnaces are 25 ft. 
in diameter, and have seven roasting-hearths and a dryer or 
pre-heater hearth. Between the fifth and sixth hea-ths there 
is a semi-muffle, and the furnace is subdivided at this point by 
luted drop-holeS, the roasting material filling the drop-hole and 
sliding from the,' fifth to the sixth hearth. The two lower 
hearths and the muffle may be fired, with damper-controlled 
inletJ, and the two lower hearths are down-drafted, the com¬ 
bustion-gases being taken off at the bottom hearth. By this 
means, muffle-firing effect is secu.‘ed under the fifth hearth. 
The hot combustion-gases passing under the tile hearth are 
drawn down through the arch, giving a burner effect over the 
hearth Tjelow, plus the direct-firing on the two hearth.s, thus 
securing a dead roast. This type of furnace has been used 
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within city limits, without causing fume trouble. The per¬ 
centage of sulphur eliminated on» the two lower hearths is 
small in proportion to the volume of combustion-gases passing 
into the stack and out into the atmosphere. Gas analyses 
made at the foot of the stack connected with furnaces of Jhis 
type showed (SO^ + SO^) O* 16 per cent. Gas analyses made 
at the top of the stack showed (SO2-I-SO3) 0-13 per egnt. 
Where the gasci arc wasted, no muffle is used between the 
fif^h and sixth hearths. This furnace has well-in.-iulated outer 
walls and central shaft, and is fired on the lower hearths. 
Oil, gas, or coal can be used as fuel. This type of furnace 
is generally used at plants where they are leaching and 
producing electrolytic zinc. 

According to Ilasenclever' there were, in Germany, Wedge 
furnaces working satisfactorily in five chemical works and 
another fifteen furnaces in course of construction. The largest 
type of them gets through about 20 tons of pyrites in twenty- 
four hours each, that i.s, six or seven times as much as the 
Herreshc^ furnace, and their design is more compjipt and 
simple than that of the latter; but there seems to be no 
particular economy in cost of construction or working expenses. 
The main feature of the Wedge furnace is that it i5«rmits of 
reiiairs being made without interrupting the working. 

I'he yVedge burners (Ger. P. 255648) can be worked from 
beginning to end of the roasting in an uninterrupted way, by 
employing a mechanical burner with several shelves ; the upper 
shelves perform the pre-roasting, and the low^r ones fini.sh the 
process, after mixing a reducing agent, .si^ch.as coal, with the 
product. • 

L. D. Anderson^ reports that the Wedge furnaces have* 
given excellent roBults for roasting lead matte at Midvale, 
Utah. *»• 

Prior to development of the Wedge lead-roaster, it was 
common practice to roast lead ores and matte in lir..>id Rever¬ 
beratory furnaces or mechanical furnaces of the single-hearth 
type. In roasting lead matte, carrying about 25 per cent, 
sulphur, in hand reverberatories, as high as 25 per cent, ex¬ 
traneous fuel was required. In the mechanical single-hearth 

' J. Soc. Chan. Ind., 1911, p. 1291. 
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furnaces, approximately 12 per cent, fuel was considered good 
practice. In the Wedge rOaster, lead matte is roasted with¬ 
out the use of any extraneous fuel. In roasting this material 
and the like, there is a tendency in the early stage.s, where the 
temperatures are excessive, lo cause fusion of the matte. This 
is overcome in the Wedge furnace by having dampered gas 
ou,tlcts to the upper hearths of the furnace. The hot gases 
from the lower hearths therefore do not pass over the upper 
ones. By opening or closing these dampers it has been 
found possible in actual commercial practice to secure a 
variation of temperature ranging from 100° to 150° F. in 
about an hour’s time. When once set for the roasting of lead 
matte, no further attention is required. 

For further details regarding the Wedge roaster, see 
Ilofman’s Metallurgy of Lead, last edition. 

In these lead-roasters, provision is made for firing the 
bottom hearth, in case of cleaning the furnace and shifting 
from roasting matte to other material, where fuel might be 
required to heat up the furnace properly for further use, or 
where the material being roasted is so low in sulphur that 
auto-roasting is impossible. These combustion-inlets are 
provided with dampers or doors, so that they may be closed 
when not in use. 

Kaujfmann Furnau {Gat. P. 161200 of 1903).—Kauffmann 
describes a mechanical stirrer, with a hollow shaft with a cool¬ 
ing agent flowing through it, provided with perforations for 
putting in the stirring-blades. The.se blades are of a special 
shape which allows the cooling agent to pass through them as 
well. Fig. 47 shows this arrangement in vertical, and Fig. 48 
'in horizontal, section, i is the hollow shaft, which for each of 
the shelves of the/qrnace is provided with a rectangular channel, 

2, of such a height that the hollow stirring-blade, 3, with its 
t^eth, 4, can be put through; the width of the channel corre- 
sponjs ttrlhe thickness of the blades. When in use, the arm, 

3, rests in its central part upon the bottom plane, 5, of channel, 
2, and is secured against shifting by'the lugs, 6. A perforation, 
7, is provided in the bottom plane, 5, of the channel, and a 
perforation, 8, in the plane of the blade resting upon it, so that 
the cooling agent, introduced under pressure, also penetrates 
into the hollow blades and gets out through the openings, 9, 
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into the furnace. In this way, also, those parts of the blades 
which are at some distance from the cooling places, e.g. the 
teeth, 4, are protected against damage by heating. The cool¬ 
ing agent is cold air, which is bIo\^n in by a fan-bLast into the 
hollow footsteps of the shaft, in such quantity that it protects 
the blades against overheating, without interfering with the 


Fio. 47. 



roasting process. Each furnace roasts 2| to 3 tons of per 
cent, pyrites in twenty-seven hours, down to i or*2'per cent., 
with an expenditure of only i h.p., and requires no manual 
labour except for carting the ore and taking away again the 
cinders. 

The other patents of Kauffmann are: Ger. Ps., 161624, 
163914, 165270, 186314, 186315, 205215, 227621. 

The Erzrdstgesellschaft in Cologpq (Austr. P.,5 1096) states 
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that the amount of work done by these furnaces can be largely 
increased by frequently turning over the ore, and gradually 
moving it forward in a radial direction. For this purpose 
the teeth of the stirring-arms stand alternately in opposite 
directions, so that the ore, moved forward by one half of the 
arm, is brought back through part of the way already made. 

.Rcusch' states that in the beginning of 1912 abcyjt 600 
such furnaces were working in Europe, America, and Australia. 

Hartmann and Benker "* assert that the asbestos screens In 
the Kauffmann burners are destroyed after a short time. 

Truchot® states that these furnaces arc an essential im¬ 
provement over the original Kauffmann burner; they save 
28 per cent, of space and 50 per cent, of power, and do 10 
per cent, more work. In this type the revolving axis and the 
stirring-blades are cooled by air blown in by a fan-blast. The 
ore slides from one shelf to another by laterally inclined cast- 
iron plates, which greatly reduce the production of dust. The 
teeth of the stirring-blades are exchangeable. Their Gcr. Ps. 
are 246067, 2503 10, 262002, 267374, 268649. ’ 

Keppelcr'* makes critical remarks on the modern burners 
for pyrites-smalls. He points out that many so-called improve¬ 
ments haVe not stood the trial of practical e.xperience. Thus, 
e.g., the shortening of the way which the ore has to travel by 
increasing the stirring-up of the material, whereby the velocity 
of the roasting process is increased, has the drawback that it 
is le.ss easy to adapt oneself to changes in the conditions 
of working. More success for the increase of the working 
capacity of the huVnets may be expected from increasing their 
size. Against this conclu.sion, Nemes ^ urges that in case of the 
Very large burners, going through 25 tons, difficulties ari.se when 
they have to be laid off for repairs; he therefore prefers 
burners for 8 to '10 tons duty. Keppeler® makes further 
remarks on this subject. 

LUtyquotes results from actual practice, according to 
which, under European conditions, mechanical burners work 
less economically than hand-worked burners ; but he thinks that 

1 Chem. Zeil., 1912, p. 213. ^ Z. angew. Chim., 1906, p. 1188. 

* Rev. g/n. chim. pure et appl., I9[4, p. 169. 

* Chem. Zeit., 1913, p. 1220. ® Ibid., 1914, p. 2. 

« Ibid., 1914, p. 318. . ' Z. angew. Chem., 1905, p. 1253. 
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with higher wages the cost may be the same, and then 
mechanical furnaces have the advantages of requiring fewer 
men and being less dependent upon them. 

E. W. Kauffmann * contradicts these conclusions, and main¬ 
tains that mechanical pyrites-roasfing with modern furnaces, 
quite apart from the better result, is considerably clleaper than 
roasting by hand-work. At all events he claims this for his 
furnaces. • 

• Furnaces built by the Humboldt Engineering Works at 
Cologne are very similar, although they embody some improve¬ 
ment. 

Other Mechanical Dust-burners. 

The O’Brien furnace, built by the American Coke and Gas 
Construction Co., very much resembles the Ilerreshoff furnace 
(p. 377). In this furnace the arms are put in and taken out 
horizontally and without raising. It is claimed that it requires 
less power than any other furnace of similar capacity, and is 
equally officient for “ fines ” and for “ granular ore ” ; tjrc feed 
can be exactly regulated and the depth of the ore can be 
maintained differently on the different shelves, a shallow bed 
being used where the combustion is most active, and,a deeper 
bed where the sulphur is partially burnt out. The central 
shaft is. hollow, and no stack is required to create a draught 
through it; it can be withdrawn and replaced. The driving- 
mechanism is placed near the ci’rcumfercncc of the furnace, 
where it can be easily reached for oiling and*repairing. 

Legge (B. P. 21160 of 1905) describjs fprnaces containing 
two or "more superposed series of roasting-chambers, with 
horizontal oj slightly inclined hearths ; rubble shafts with arms 
passing through them convey the ore through' all the chambers 
of a series, and means are provided for disoi'arging the ore. 

The Maschinenbau-Anstalt Humboldt at Kalk (B. P. 27061 
of 1906) forms each stirring-arm as a two-armed, tev*-, and 
supports it on the shaft in such manner diat it can be easily 
disengaged. • 

Greenaway (Ger. P. 182409) describes a mechanical pyrites- 
burner, consisting of a long hearth, with a stirring-carriage 
over it, the hearth being formed by a porous layeV of ore, 
1 Z. angew. Chem., 1^05, p. 1628. 
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divided by intermediate walls into several compartments, cor¬ 
responding to the varying quantities of air required for the 
successive stages of the roasting process. Each compartment 
possesses an opening leading to a vault in front, by which air 
is introduced and from which the porous layer may be renewed. 

A mechanical dust-burner, with scrapers travelling back¬ 
wards and forwards, has been constructed by Hegelcr,' and is 
employed in a few factories, both for lead-ciiambers and for 
the Schroeder-Grillo contact process. Here the stirrers t.re 
always conveyed to one side, are turned round there and 
conveyed to the other side again. The ore is dropped 
gradually from one shelf to the other once per hour. 

Ducco’s furnace^ (Ger. P. 185809) consists of a horizontal 
wrought-iron cylinder, lined with bricks, with screw-.shaped 
grooves for turning over the material and shifting it gradually 
to one end of the cylinder, where it is discharged. 

Warren (B. P. 17457 of ^905 i Amer. P. 864816) divides 
a rotary kiln into compartments by a hollow lateral partition, 
commupicating with the air at diametrically opposite points. 
The hollow space diverges at opposite ends, where it com¬ 
municates with the air. The other portion of the kiln forms 
a common chamber, the flame from which passes simultaneously 
into the compartments of the first portion. 

Falding (B. P. 6931 of 1905) provides for the stirring- 
arms means of being readily removed without removing the 
central shaft; both this and the arms are provided with an 
arrangement for cOoling by air. 

Daniel and Rbrner (Ger. P. 208354) describe a roaster 
consisting of revolving drums superposed over one another, 
through which the ore is automatically propelled. , 

Zelewski (Ger. P. 195724 and Ger. P. appl. Z5379) 
describes a modification of the Herreshoff mechanical roaster 
(p.«377) in which the stirrers of the bottom compartment are 
placedHn *8-special socket, surrounding the perpendicular shaft, 
so that a certain poUion of the ore can be completely roasted 
oflT, while another portion lies still. ' 

J. L. Tafto (Amer. P. 891116 ; Ger. P. 207760) equalises 

' Min. fnd; 1905, p. 246. 

* Described by Hartmann and Benker in Z. angew. Chem., 1906, 
p:*i' 94 . 



MECHANICAL BURNERS 


393 


the SO2 contents of pyrites-kiln gases, to obtain a product 
with 6 per cent. SOj and about 8i0°, by passing them through 
an iron-ca.sed brick dust-chamber and then through a similar 
chamber, packed with bricks, which is large enough to contain 
the ga.ses for some time and to equalise the variations, of 
composition and temperature. Between these two chambers 
air can be introduced by means of a regulating-valve, and l^e 
gases containing too little SO2 and too much O can be 
en»iched in SO.^ by passing them to a layer of hot pyrites, 
where more SO.2 is generated. 

St Beuve and E. Marconnet (Fr. F. 390323) blow finely- 
ground pyrites by a current of air continuously into a combus¬ 
tion-chamber, provided with an exit opening for the SO.j, and 
a discharge opening for the removal of the residue. The 
pyrites, which may be mixed with substances for accelerating 
the combustion, or fuses, is delivered by a screw-conveyer into 
a chamber, and taken out by a fan, delivering it into the 
combustion-chamber by a tangential pipe. 

Olga ^v^iedenfuhr (Ger. Ps. 239702 and 239703) fwovides 
mechanical roasting - furnaces in their hottest parts with 
cooling-channels ; cold roasting-gases are conveyed through 
the shaft and the stirring-arms. Easily and badly •roasting 
ores can be worked in the same furnace by putting them 
alternately into successive roasting-compafrtments. 

The mechanical pyrites-burner of P, Spence is a shelf- 
burner provided with mechanical stirring arrangement. 

It is very fully described in Lunge’s ftfurth edition, pp. 
488 et seq. • • 

Diirotf (Ger. P. 275751) describes special shapes of stirring- 
blades. The^same (Ger. P. appl. D28657) describes a charg-• 
ing apparatus for ‘mechanical burners, allov^ing of very exact 
regulation, consisting of a helix causing a cohtinuous agitation, 
avoiding any intermediate machinery (such as levers, toothed 
wheehs, ropes, etc.), and loosening and drying thff Vnaterial, 
without requiring any supervision. * 

Zelewski (U.S. P. 109^500) heats briquettes, made from 
sulphide ores, in a closed chamber, first by fire-gases, igniting 
the gas given off; the fire-gases are then cut off, ^and air 
is passed round the briquettes under pressure up to their 
complete combustion. ‘ ♦ 
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Spiiizig and Hommel (Ger. Ps. 272097 and 290835 ; Fr. 
P. 460128; Austr. P. 67690) employ an arrangement for 
moving the ore in a direction perpendicular to the motion 
of the stirrers by moving these backwards and forwards. At 
one end, arranged transversely to the longitudinal axis of the 
furnace, rods are placed which are made to travel backwards 
and forwards ; to them a number of stirring-blades is attached, 
moving in the longitudinal direction, with V-sl)aped or plough¬ 
share-like stirrers. The patent specification describes a num¬ 
ber of ways of carrying out this system. These burners 
are reported to be working at the zineworks at Ncuss. 
Hommel’s Ger. P. 292487 describes various forms of stirring- 
blades for mechanical roasters. 

The mechanical dust-burner of Bracq and Moritz is 
described in detail by Barth.' According to Chem. Zeit., 
1914, p. 816, forty such burners had been built during the 
last four years. According to Ckem. Zeit. Rep., 1914, p. 336, 
this burner roasts the sulphur in pyrites from 50 per cent, 
down to less than i per cent.; each burner requires o-1 to 
0-25 h.p. The cinders in the bottom compartments are 
nearly cold, which in the case of cupriferous ores greatly 
facilitatc.i the extraction of copper. 

Barth (Ger. P. 289259 and 291886) describes a mechanical 
dust-burner containing a number of hearths which aro in turn 
fixed and moving; they revolve upon a common hollow axis, 
consisting of two concentric tubes, one of which serves for 
introducing cold air into the single compartments, the other 
taking away heated r.ir. 

Wagner & Co.’s burner (Ger. P. 290534 of 1914) con¬ 
sists of a series of superposed shelves with the usual rabbles 
attached to a vertical central shaft. The ore is carried down¬ 
wards between successive chambers by endless screws, through 
channels in the walls of the furnace, and falls through funnels 
near the'chiitre, alternately. Separate channels are provided 
for the gases. This arrangement is said to cause the ore to 
move forward in a regular manner, and prevents formation of 
lumps and consequent blocking of the passages. 

J. L. P'airrie (B. P. 144412 of 1919) describes a pyrites- 
burner having a number of chambers in a circle round a 
' Chemische App^ratur, 1915, pp. 95 and 105. 
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common discharge-pit, such chambers being in the form of a 
truncated sector of a circle. It is* provided with the usual 
grate bars and doors. The ash-pit floors slope downwards to 
a common central pit, and the gases^are discharged above into 
a common central flue. The pit and flue can be^ put into 
communication through a conduit controlled by a damper. 
The burpt cinders are removed from the pit by an endless 
conveyor. * 

The Svovlsyre- og Superphosphat-Fabrik, Copenhagen 
(B. P. 28703 of 1911), describe a mechanical pyrites-roaster, 
provided with complete water-cooling of the shaft and all the 
stirring-arms, worked by a water-tank at the top, into which 
the exit-water pipes from the shaft and the arms are conducted 
back. 

Other modifications are patented by Scherfenberg and 
Prager (Gcr. Ps. 329759 and 332056); Lutgens (Ger. P. 
358443); Hommel (Fr. P. 384350); Aktiengesellschaft fiir 
Bergbau, Blei- und Zinkfabrikation (Ger. P. 202377); Merton 
(Ger. P. ^85506); Bracq-Laurent (Ger. P. appl. B5»846); 
Griincwald and Welsch (Ger. P. 232044) ; Bracq and Moritz 
(Ger. P. appl. B52486); Parent (Fr. P. 424269); dc Spirlet 
(Ger. P. 236089); Scherfenberg (Ger. Ps. 236090 and 
237215); Hiibner (Ger. P. 236669); Renwick (Amer. P. 
981880); I-Iardingham (B. P. 19314 of tgii). 

Special contrivances for charging the ore into the furnace 
in a regular way are described by the Metallbank und 
Metallurgische Gesellschaft (Ger. Ps. 263939 243913, 

that of the Maschinenbau-Anstalt Hunfboldt 243613). 
Other patents;—Socidtd mini^re et mdtallurgique dc Peflar- 
royna (Ger. i*. 275908); Bracq (Ger. Ps., 250623 and * 
257424; B. P. 2*0108 of 1912); Wagepigaann, Seybel & 
Co. (Austr. P. 54964); John G. Jones (Ger. T. 263393 ; U.S. 

P. 1098177); Kirsch and Mausser (Ger. P. 263851); Gotf- 
lieb (Ger. P. 268330); Thorsell (Norw. P. 34440)^ Gaillard 
(Fr. P. 458413); Helsingsborgs Kopparwerks A. B. (Ger. P. 
.261608); Kalinowsky and Roth (Ger. P. appl. K29006); 
Dohet (Gcr. Ps. 258261 and 265075, Austr. P. 67180); 
Scherfenberg (Ger. P. 258766); Stout (B. Ps. 3 5 ?i ^nd 
15463 of 1914); Parent (Ger. P. 264709); Wocke (Ger. P.^ 
216657); P'owler (B. P. 7471 of»J 9 i 4 );* Cljiude (Fr. P.* 
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468968); Renwick (Ger. P. 246180); Herzig (U.S. P. 
1108906); Timm (Austt. P. appl. 9226 of 1913); Edwards 
(Ger. Ps. 242888, 250774, and 255747); Ernest (Austr. P. 
appl. 2496); Chemische Industrie Akt.-Ges. and Singer (Ger. 
P, 262610); S. et G. Dumont et P'r^res (Ger. P. 262183); 
Pousse (Ger. P. 280523); W. A. Hall (B. P. 20759 *912 ; 

V.S. P. 1076763); Zetsche (Ger. P. 280430); Saccharin- 
fabrik A.-G. vorm. Fahlberg, List & Co. (Ger. P. 257537); 
Zavelberg (U.S. P. 1107006; Fr. P. 468685; Ger.»Ps. 
284607 and 292809); Sarrasin (B. P. 26915 of 1913; F'r. 
P. 451182); Aktiengesellschaft fiir Zinkindustrie vorm. W. 
Grillo and Schefezik (Ger. Ps. 280427 and 280429); Selas 
(Ger. P. 285913); Lutgens and Ludewich (Ger. P. 262128; 
Fr. P. 449144 ; U.S. P. 1176070); Nichols Copper Company 
(Ger. Ps. 276570, 284586, 286381, 287079, 288013, 289998, 
and appl. 15180); Nichols Copper Company and Stout 
(B. P. 9958 of 1915); Hildebrandt (Ger. P. 290733); 
Maschinenfabrik A.-G. vorm. Wagner & Co. (Ger. Ps. 290534 
and 291239); Jenks (U.S. P. 1179928); Mounz (U.S. P. 
1179952); Hommel (Ger. P. 292794). 

C . Suu’iiuR Dioxide from Zinc-Blende 
AND OTHER SULPHIDES 

Zinc-blende is now the most important of all zinc-ores, and 
must be always converted into zinc-oxide by a thorough 
roasting. This Is much more difficult than with pyrites, since 
blende contains .at best only about 33 per cent, sometimes 
down to 18 per cent, of sulphur. 

The heats of formation are :— 

. fc (Zn-(-S) = 43,000 
* {Zn + 0 ) = 84,800 
(2S-(-0) = 69,260 

" • ^'hus the formation of 8r kg. ZnO = 84,800 calories. 

And the „ 64 „ 80.^ = 69,260 „ 

Total . . 154,060 

Decomposition of 97 kg. ZnS requires 43,000 „ 

Nett heat evolution . .111,060 „ 


This result is borne out in practice, and it is possible to 
'toast zinc-ore Without extraneous fuel, but in this case the 
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sulphur fumes are discharged at comparatively low temperature. 
In the great majority of works the* fumes arc treated by the 
chamber-process, and this requires the SO2 to be delivered at a 
high temperature, for which purpose fuel has to be used. 

In the muffled zinc-blende roalting-furnaces mainly u.spd 
in Germany, the fire-ga.scs passed under each of three hearths. 
It was necessary to supply heat to the bottom muffle, but when 
the fire-gases passed under the middle muffle their temperature 
wa% lower than that of the ore in the muffle where rapid oxida¬ 
tion took place. As a consequence, the fire-gases in this part 
of the furnace were heated from the ore and the roasting 
operation was retarded by lo.ss of heat. 

Roasting in open heaps was formerly practised to a large 
extent, but the removal of sulphur was always incomplete and 
the I0.SS of metal considerable, while the sulphur fumes were 
allowed to pass out of the top of the heap only a few feet above 
the ground-level, so that the atmosphere was polluted and all 
vegetation destroyed. This method is still used on copper 
and lead tres to obtain a preliminary partial roast. , 

At Broken Hill this method was adopted to a considerable 
extent for sintering and partly desulphurising lead-zinc slimes, 
but the fumes were such a nuisance that the operation had to 
be carried out some miles away from the town, far from human 
habitation. The individual heaps contained 4000 to 5000 
tons of slimes. 

Reverberatory furnaces rabbled by hand were in u.se in 
many works, and a singlc^hearth furnace arf u.sed for lead or 
copper ore was about 60 ft. long and the ^eatth 44 ft. long by 
10 ft. wiAe. Given efficient labour, good results were obtained ; 
but as the wojk was most arduous, hand-rabbled reverberatories • 
are now only bui+t for temporary purposes or under special 
conditions. Such furnaces were wasteful in’ fuel and required 
an enormous amount of labour. The furnace arch was usuaHy 
much too high, and a large volume of unnecessary air passed 
through the furnace, and much heat was thAeby lost. 

Sulphur Fumes .—In ccJhsequence of the effects of passing 
large quantities of sulfihur fumes into the air, efforts were made 
in Germany and Belgium to make a more concentrated gas 
from roasting zinc-sulphide ore, and to avoid the dilution with 
the fire-gases, so that the SO2 could be \jsed for makiog 
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sulphuric acid. About 1855, Hasenclever built a partially 
muffled furnace and tried to use the fumes given off on the 
upper hearth for making acid, while the last of the sulphur was 
drawn off in contact with the fire-gases on the lower hearth. 
The arches were built too high, and the SOj contents of the 
fumes was low. 

Godin constructed a muffled furnace for the same purpose 
in 1865. The results were better, but the .output was small 
and the concentration of the gas insufficient. This furnace 
showed a marked improvement, as the designer realised that 
extraneous heat was only necessary for the final oxidation. 

In order to reduce hand labour, Hasenclever and Helbig, 
in 1862, attempted to u.se an inclined plane for the first 
stage of the operation, followed by a horizontal hearth in 
contact with the fire-gases. Labour costs were not reduced 
because of the irregular manner in which the ore travelled down 
the incline, partly on account of the iron and lead, which 
caused caking, so that the accretions had to be barred down. 
The furnace produced about 3 tons of roasted ore jv“r twenty- 
four hours, and six men, each working twelve-hour shifts, 
were required, so that the output per shift per man was only 
10 cwt. 

Delplace Furnace .—-This is composed of a series of units, 
and is furnished with grates heating the lower shelf, the (lame 
from the grates circulating under the lower .shelf. A battery 
of Delplace furnaces is geAcrally composed of nine, twelve, or 
fifteen units, each dealing with i ton of blende per twenty-four 
hours. Every group of three units is furnished with two fire¬ 
places, each of which has a muffle, heated by radiation from 
the fire, and in which the coal distils, giving up its volatile 
matter and forftiing coke. When the evolution of volatile 
matter is completed, the coke is pushed on to the fire-grate, 
where it burns. Air heated by the waste fire-gases is brought 
in srftall passages, leading in several directions, to burn the 
gases liberated by The coal. This permits of distributing the 
heat in a regular manner. The air used for the combustion of 
the sulphur in the blende is also heated before being introduced 
into the furnace. This disposition of the burners, together 
with thb recovery of the waste heat, enables the blende to be 
■pasted with a reduced quantity of fuel; several works employing 
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this furnace have a consumption of fuel of 14 per cent, of the 
weight of the raw blende charged. The height of the roa.sting- 
compartments of the furnaces (that is to say, the distance 
between the upper side of one slab and the lower side of the 
following one) is 6| in. The ope/ating doors on each shelf 
are very small, and exactly proportioned to enable'the intro¬ 
duction of a rake the section of which is about 12 in. to ij 
in. All'this resujts in a great concentration of heat as well as 
a gfod utilisation of the air in the furnace. Sulphurous ga.ses 
are obtained containing on an average 6-5 to 7 per cent, of 
SOj. This is rarely possible to attain with any other type 
of hand-rabbled blende furnace. The fact that the operating 
doors are very small permits of working the furnace without 
its cooling in a sensible manner. The operation is the same 
as with a Mal6tra furnace. Each unit is worked with four or 
six hours’ interval. The workman commences by emptying 
the lower floor containing blende completely roasted, then 
bringing down successively the contents of the furnace. When 
the uppergiost floor has been emptied, he charges it with from 
180 to 250 lb. of raw blende. Every hour or every two hours 
during the four or si.x hours’ interval between the working of 
a unit, the operator rakes each floor of the unit so 3s to stir 
the blende and renew the layer on top. He thus works in a 
compartment of restricted dimensions, apd has only to stir a 
minimum quantity of blende ; he gets through 1000 to 1200 kg. 
Every time the furnace is operated to lower the blende from 
one floor to another, the oje is vigorously stkred and brought 
into contact with the air. The furnaces beyig built side by 
side, so tkat the two short ends of each unit are accessible, each 
compartment is always worked at the same time as the cone- . 
spending com^artn»ent on the opposite side. The blende which 
falls from the front is piled on the immediatefy* lower floor of the 
rear. By this method the operators mutually control one another. 
The consumption of fuel is low (16 per cent.), and with tHe low 
roasting-compartments a gas rich in SOj i» possible. 

• 

Mechanical Roasting Furnaces. 

The main esseatial conditions for a mechanical furtiace for 
the roasting of blende are:— 
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(a) The stirring-arms should be easily accessible. 

(b) The ore must be continuously stirred. 

(c) The roasted ore should be free from lumps and low in 

sulphur. 

(J) The emanating ga? should be uniform in composition, 
and high in sulphur dioxide. 

(e) A minimum of dust to be generated. 

(/) The heat of the different hearths to be easily controlled. 

(^) The air-supply should be pre-heated by passing over 
the ore. 

Of course, no furnace fully covers all these conditions, but 
the number of furnaces on the market is legion, and we need 
only deal with the most important. Readers are therefore 
referred to Lunge’s fourth edition, p. 501 ct s,q., for the 
historical data regarding the early attempts to solve the many 
difficulties of blende-roasting.' 

BuddKus (B. P. 29042, 1913; Ger. P. 278443; Fr. P. 
466397) converts the blende into briquettes, applying calcium 
silicate as a cementing material, in case of necessity with addition 
of a combustible substance. Owing to the poro.sity of these 
briquettes the sulphur can be roa.sted off without fuel till below 
I or 2 percent. His U.S. Ps. are 1079897 and 1121226. 

Saulles (U.S. P. 1183172) roasts blende (with the addition 
of carbon near the end of the roasting) with a regulated supply 
of air, so as to prevent the temperature of the charge from 
exceeding 1000°. This effects the decomposition and reduction 
of sulphates withbut volatilising much of the metal. 

Schutz, who describes the various apparatus for roasting 
blende," also comes to the conclusion that up to '{hat time 
none of the mechanical blende-roasting furnaces had had a full 
success, and that the mechanical roasting of'blende was at that 
time still in the experimental stage, at least in Germany. In 
Metall und Era, 191 5, p. 109, he makes a report on the progress 
in the roasting of blende up to that time. 

Enumerations 6f the various descriptions of such furnaces 
are given by him in Metallurgie, i§i i, p. 635 et scq. ; and by 
Hommel, loc. cit., p. 290 et seq. The la'tter divides them into 

' See.also Ridge,/. Soc. Chem. Ind., 1917, p. 676 et seq .; and supra, 
p. 129. 

'>■ Metallurgie, pp. 637-645. 
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two classes, viz. those where the hearth itself is moving, and 
those provided with moving stirrers. * The first class comprises 
(i) horizontal revolving drums, (2) vertical revolving furnaces ; 
the second cla.ss, (3) long furnaces with one or more floors in 
which the stirrers travel horizontalfy lengthway.s, (4) furnaces 
with revolving stirrers. A combination of these two classes is 
Hommel’s furnace (Ger. P. 204423), in which the first roasting gf 
the ore takes plact in a revolving hearth, and the desulphurisa- 
tior^is to be completed on a fixed annular hearth in which the 
ore is moved forward by stirrers attached to the periphery of 
the revolving hearth. 

A detailed discussion of the principles of blende-roasting is 
published by W. Hommel in Metallurgie, 1912, pp. 281-296. 

Spirlet Furnace (F. P. 415338; Ger. Ps. 236089, 292371). 
—The principle of this furnace is original, and entirely distinct 
from what has previously been tried. The characteristic of' 
the apparatus is that it has no metallic parts in the interior 
of the furnace. This is composed of a number of platforms of 
fireclay material, superposed and alternately fixed and movable. 
The fixed ones are carried on six columns arranged round 
the furnace, the movable ones turning about an imaginary 
axis. They are fitted with rollers, which move on a rail 
carried by columns. Into the interior face of each hearth are 
built a number of fireclay bricks arranged like teeth, and dis¬ 
placing the blende towards either the interior or the exterior. 
The space between two consecutive'plates forms a shelf of the 
furnace, and is closed by a.sand joint. Gendtally the furnace 
comprises three shelves, of which the lowest tis heated. The 
advantag* of such construction are apparent. By sup¬ 
pressing the metallic parts, the height of the shelves is very 
slight, hardly greater than that of the shelves of the Delplace 
furnaces. The consumption of fuel is low, ‘never exceeding 
10 per cent. As the shelves are low, the production of dust 
is not important. The weak point of the furnace is'et'idently 
the employment of teeth of fireclay matferial, which must 
necessitate .the stoppage df the furnace when the number 
broken becomes too gi'eat, or when they become worn. 

The capacity is from 3 to 5 tons per day, and the horse¬ 
power is stated to be i. Australian blende can be worked off 
to I per cent. S, Algerian blende to 2^ ger cent*. 


2 D 



402 THE PRODUCTION OF SULPHUR DIOXIDE 


The newer designs of furnace are constructed with four 
hearths, alternate hearths being rotated. 

The gas is said to be from 5 to 7 per cent. SOj. 

Hegcler Furnace. — Of the Hegeler furnace, Luramen 
gives the following account. This mechanical furnace is 
employed in the United States by all the zineworks which 
transform the SOj gases produced in roasting blende into 
sulphuric acid. Introduced in 1882, it has scarcely been 
modified since. The furnace has two compartments, about 
75 ft. long. Each compartment has seven shelves, the two 
lowest being fitted with muffles for the purpose of heating. 
The movement of the blende across the furnace is carried 
out by means of rabble arms dragged by a chain. The rake 
enters at one end of a shelf and leaves at the opposite 
end; then, after being cooled, it enters the furnace again. 
Every shelf is fitted at its two extremities with movable doors, 
permitting the entry and exit of the rakes. The height of the 
shelves is relatively great (about 2 ft.), which causes a de¬ 
ficiency in the use of the air and produces gases vt.y poor in 
SO2 (3 to 4J per cent.). The blende is stirred at intervals vary¬ 
ing from one and a half to two hours, which is little for a 
mechanical furnace. The capacity of a Hegcler furnace is 
about 40 tons of blende per twenty-four hours ; and although 
the furnace is mechanical, the number of workers varies from 
thirteen to fifteen. The consumption of coal is very high, viz. 
25 per cent, of the weight of the raw ore charged. The 
necessary powerfis about 40 h.p. In view of its dimensions, a 
Hegeler furnace'cannot be constructed in an existing building. 
Besides the disadvantages of getting an imperfectly roasted ore 
and ga.ses very poor in SOj, the cost of roasting a ton of ore is 
the same as with^a Hasenclever furnace, SUd is much higher 
than with a Delplace furnace {cf. p. 398). 

Ridge Furnace .—According to B. P. 3981 of 1911, the 
heating-gases are led along a flue situated entirely below the 
floor of one hearth, and pass from the end of the flue along 
another in the opposite directiofi, this flue being confined 
between the roof of this hearth and the floor of that next 
above it, the arrangement being such that the flow of the 
heating-gases under each hearth is opposite in direction to the 
progression of the ore along that hearth. In the later modifica- 
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tion, the fire-gases pass only under the bottom roasting-hearth, 
and are then used for pre-heating the air required for oxidising 
the ore. The air is pre-heated to about 900° in a recuperator, 
and travels through passages under^thc middle roasting-hearth 
to the other end of the furnace, dropping there into the bottom 
one. 

Fig. ^9 is a longitudinal section of this furnace on *lie 
centre line of Ffg. 50, which is a horizontal section on line 
A A of Fig. 49. 



The Turnace has three superimposed muffles, a, b, c, 
which are he^ated by the flue d, which first jiasses beneath 
the hearth of tlfb bottom muffle c. On, ,thc longitudinal 
centre line of the muffles is a series of four vertical shafts e, 
each of which except the one at the right-hand end passes 
through all three muffles, while three of them also p^ss“through 
the cooling-hearths d. Each shaft is supported beneath the 
furnace in e footstep beanlig, and is adjusted separately for 
height. The shafts are revolved in the usual manner by means 
of gearing f, and gas-tight joints are made at the top, of the 
furnace by means of water seals g, at the points where the 
vertical shafts pass through the top arqh. Where.these shafts* 
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pass through the heating-flue they are insulated by rings of 
firebrick, which serve the dohble purpose of preventing transfer¬ 
ence of heat to the shafts and leakage of the furnace gases into 
the muffles. The shafts are fitted with rabble arms i, and 
arc, arranged at varying distances apart so that the paths of 
the stirrers or rabbles in some cases only tangentially touch the 
zone of the adjacent rabble, whilst in other cases the two zones 
overlap to a very considerable extent so as to Ciisure a tfiorough 
mixing of the ore. Where the rabble path only touches ^le 
adjoining zone, the rabbles are so designed that the passage of 
the ore from the one zone to the other can take place only in 
one direction. By this means the material, while being roasted, 
pas.ses gradually along the furnace until it reaches the last 
rabbling-zone of a given hearth, where it is stirred in gradually 
decreasing spirals until it reaches an opening, for example I 
or in, near the shaft, from which it drops to the muffle below it. 
There are, in all, nine separate roasting-zones and two cooling- 
zones. 

Zino-ore as delivered to the furnace is usually Wet, having 
4 to 6 per cent, of moisture, and sometimes more. If such 
wet ore is fed directly into a hot furnace, lumps are formed 
which in many cases are very hard, and these can only be 
oxidised on the surface. By heating the ore gradually while 
being stirred continucnisly the formation of lumps is p'-evented, 
and at the same time nodules already pre.sent are broken up 
by the steam, which causes decrepitation. To effect this result 
the Ridge blende-roasters have a pre-heating and drying hearth 
on the top, heated by the heat transmitted through the top 
arch. The ore is gradually dried, heated usually to ab'out i 2o’, 
and then passes, free from lumps, into the top roasting-hearth. 

The warm ore js introduced into the top muffle through the 
opening k, and passes successively through the three rabbling- 
zones in the top muffle, or hearth, a, until it reaches the 
last zone.' From there it passes through the drop-hole I on 
to the hearth of the next muffle b, which it traverses in the 
opposite direction until it reaches the drop-hole through 
which it passes to the lowest muffle c, traversing it, and 
eventually leaving this through the drop-hole n. 

Many highly ferruginous blendes, or such material high in 
lead, have a remarkable tendency to cake together if put hot 
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into trucks or stacked, and when this happens the roasted ore 
has to be crushed before further treatment. As the ore reaches 
a temperature of iooo° or i 200° on the bottom roasting-hearth, 
a good deal of heat would be lost if the hot ore was discharged 
at such a temperature. Caking is prevented by cooling .the 
ore whilst being continuously rabbled ; this is done on the 
cooling-hearth d, where the temperature is brought down, to 
6o° to 8o°, whilst the part of the air required in the furnace 
parses over the ore and is pre-heated so as to recover the heat 
units. Air also passes through small channels in the brickwork 
under the cooling-hearth, so that the bottom of the furnace is 
kept cool. 

The fire-gases travel in the opposite direction to the ore 
from the furnace h, under the bottom muffle c, and through 
the recuperator j to the chimney. The gases from the ore 
pass through the flues o connecting the muffles with the upper¬ 
most hearth <?, and thence out of the furnace through the 
flue p. 

The rwmber of superimposed muffles may vary according to 
circumstances and the nature of the material to be treated, and 
similarly the number of vertical shafts and the arrangement of 
the rabbling-zones may likewise be varied to suit particular 
requirements. 

Accewding' to the inventor’s statement,* in the Ridge 
mechanical zinc-blende furnace the mechanical arrangements 
have been so far worked out thkt reasonable freedom from 
difficulties is assured, while the whole furnacels easily accessible. 
The shafts are each made in one piece *ind* are water-cooled, 
about 15,000 gall, of cooling water being passed through the 
shafts in twenty-four hours. The rabbles are easily and quickly 
renewed, an^ the* part to be replaced weighs only 5 lb. The 
mechanism of each furnace is driven by a separate electric 
motor which takes 6 to 8 horse-power. The motor and ^11 the 
gearing are on a solid foundation beneath the ftirfiace, and 
quite accessible. The di.scharge opening is* separated from the 
gearing by a brick wall to*keep out all dust. 

Broken Hill zinc'concentrates are roasted down to 2 per 
cent, total sulphur with a feed of 14 to 15 tons of ore per day of 
twenty-four hours, and a coal consumption of 10 per cent. The 
^ J. Soc. Chem. Ind., i^V 7 , p. 67 S. ^ •• ^ 
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sulphur fumes leave the furnace with 6^ to 8|- per cent, sulp of 
dioxide, and in addition ic good deal of SO3 or 112804, fer- 
temperature of 380° to 450“, so that they can be used sfito 
factorily in the lead-chamber process. One man per shift nj 
atfend to the furnace and tiic producer. if 

Zinc concentrates with 14 per cent, of lead have be- 
satisfactorily treated, and also concentrates with 17 per cent, 
iron. When roa.sting an ore high in lead or i"on, it is essential 
that a mechanical furnace be kept working continuously, becaiise 
half an hour’s stoppage means that the ore on the hearths sets 
hard and forms lumps, which have to be broken up. It has 
been found possible in this furnace to use the rabbles for 
breaking up the lumps, and the gearing is arranged for running 
alternately backwards and forwards till the hearths are free. 

A furnace constructed by Zellweger and described in Eu^. 
and Min. J., 1900, p. 261, shows a roller-shaped stirrer. It 
turns out 30 tons in twenty-four hours. 

The burner patented by J. Haas (Ger. P. 23080) is very 
similar to M'Dougall’s (cf. p. 367), but the single chambers, in 
lieu of having simple brick bottoms, are separated by flues 
through which pass the fire-gases from a coal-fire. Mechanical 
stirrers move the ore from the top shelf over three others and 
ultimately into an open hearth, where the last roasting takes 
place. ■ 

The burners patented by the Socidte Vieille Montagne (Ger. 
Ps. 24155 and 36609) are mechanical burners in which the flame 
of the coal-fire is ftot separated from the roasting-gase.s. These 
burners have been ijontinuously at work at Oberhausen since 
1883. Their construction is shown in Fig. 51. Tmere are 
several superposed circular calcining-hearths A, A, to which is 
attached a square calciner B. The ground ore is charged 
through hopper d by means of feeding-rollers and flues on to 
thie top chamber and gradually finds its way downwards and 
into 6. ■ IMie fire of the fuel burning on grate T first passes 
over B, then over'the circular hearths A, A, into the dust- 
chamber C and into the flue S. Tae agitation is procured by 
the vertical shaft d and arms e, e, the’ stuffing-boxes being 
packed with asbestos. Shaft p is contained in an outer pipe g, 
and the' air rising between them acts as a cooling medium. 
The arms carry tooth-rakes m, in a radial position for the purpose 
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jntAirring, and slanting solid rakes/ which move the ore from 
hasjfircumference to the centre, or tihe other way, as is required 
• a tclthe purpose of gradually transporting the ore downwards 
a pSultimately on to hearth B. [These furnaces, which had to 
at«frequently repaired and made*much flue-dust, are being 
o'-'Hduaily replaced by hand-worked muffle-furnaces, although 
according to Pierron ' they consume only i 8 parts coal for i^oo 
blende.] • 

,The O’Brien mechanical furnace has also been adapted to 
the roasting of zinc-blende. It is for this purpose surrounded 
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by a muffle, and is supplied with additionaf heat under three 
shelves,, either by gaseous fuel, or by pCtlveNsed fuel, or from 
an outside combustion-furnace. This furnace is .shown in 
Fig- 52. • * , . , 

Schmieder (Gcr. P. 244131) dcscribijs. a revolving tube 
closed at both ends, with air-channels in the walls of the tube, 
where the air gets heated and issues into the zinc^ore yirough 
holes protected by slanting pieces or by segment tubes against 
the entrance of ore dust. ^ 

Olga ’Niedenfuhr (Ger. P. appl. 10070) describes a 
mechanical roasting-furnace with special cooling-channels in 
the hottest spaces ; on the top a covering of roaste4 ore in a 

1 Monit. Scieni., 1900 , p. 562 ., 
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granular form is spread, which at the same time serves as a 
filter for the dust. ‘ 

Felix Thomas (Ger. P. 212312)' roasts blende at a low 
temperature in order to obtain zinc sulphate, and decomposes 
this by air containing much steam, according to the equation: 
ZnS04 + HjO = ZnO + H,SOj. In order to produce steam 



and heat from wiFain as well as from without, the roasted 
ore is made into briquettes with fuel. The decomposition 
of zinc sulphate in this case begins at 600° and is finished 
at about 820°; it can therefore be carried on with damp air 
at 100° lower than when working with dry air. He recom¬ 
mends briquetting the zinc-ore with tar, pitch, caking-coal, 
^etc., roasting the briquettes in the oxidising flame of a gas- 
producer at 700° to 750° and in the end going up to 820°, 
I Chem. Zeit. Rep., 1910, p. 576. 
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preferably in revolving furnaces. By this he expects to 
economise time, fuel, and loss oh ZnO by volatilisation, to 
facilitate the application of mechanical roasting, and to im¬ 
prove the result of roasting. 

According to Hasenclever,' the u'tee of mechanical furnacesjor 
roasting zinc-blende has made very slow progress in Germany. 
Many German zincworks have spent large sums of money^on 
cxperirnental fusnaces of their own construction. The main 
di^culty in that respect seems to be the fact that most of the 
zincworks are obliged to work with blende containing some 
lead, which ores sinter on roasting, and stick to the rods and 
moving parts. 

In [914 over thirty furnaces similar to the Ridge mechani¬ 
cal furnaces were working in Germany. 

Rules for roasting Blende and similar poor Ores, and for 
treating the Cinders. —Has.sreidter ^ maintains that roasted 
blende should contain as little sulphur as possible in the shape 
of zinc sulphide and sulphate, whilst other suljjhatcs have no 
injurious,.action in the utilisation of the cinder.s. 

Doeltz and Graumann made an investigation on the 
decomposition and formation of ZnS04 during the roasting 
of blende. . 

Frost* proves that in the cinders from blende containing 
lime thp sulphur is in the state of calcium sulphate, not in 
that of zinc sulphate. 

Juretzka (Ger. P. appl. J12275) makes the sulphates, con¬ 
tained in cinders from .blende, harmless for the subsequent 
distillation process by mixing them with ^ryjime and covering 
with wtfter. The roasting process remains in the usual form, 
and the whole of the sulphide-sulphur is obtained as sulphuric, 
acid. The ‘calcium sulphate is left in the' cinders without 
interfering with the distilling process for zirtc. 

Pape (Ger. P. appl. P26589) removes the sulphur from sine 
sulphate by adding zinc o.xide before the ignition. - 'Pliereby 
the SO2 is split off completely on ignition and at comparatively 

low temperatures. '• 

> 

1 J. Soc. Chem. Ind., 1911, p. 1291. 

® Z. angew. Chem., 1906, p. 522. , 

® Chem. Zentr., 1907, 1, J467. 

* Bull. Soc. chim. Belg,, 1911, p. >’03. 
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Jensch' shows by analyses that the sulphur in roasted 
blende is mostly in the slate of iron sulphide ; even when 
roasting down to 2 per cent. S there is no more ZnS in the 
cinders. It is therefore unnecessary to carry the roasting 
down to 0-5 per cent. S in the cinders, as is frequently 
demanded. 

Nemes (Fr. P. 426851) blows finely powdered pyrites, 
blende, etc., into a furnace where they slide downwards on an 
inclined plane. The hot roasting-gases travel underneath that 
plane. For roasting blende, a special heating contrivance is 
provided. 

Hiibner (Ger. P. 236669) roasts blende in a vacuum in 
several superposed chambers. 

According to H. O. Hoffman,^ when roasting blende in the 
ordinary way very little zinc sulphate remains in the cinders. 
To this Hommel® remarks that Hoffman in his experiments 
had exceeded the temperature of decomposing zinc sulphate. 
If the temperature is kept purposely low, 60 to 70 per cent, of 
the zinq contained in the blende may be obtained as sulphate. 
This sulphate begins to decompose between 800" and 850°. 
Therefore Hommel prescribes pre-heating the air before it 
enters tlvs bottom muffle. Mistakes in the way of heating 
cause the formation of matte and of ferrite in the cinders. 
A strong formation of zinc ferrite also takes place if blende 
containing much iron is heated strongly from the outside and 
is vigorously worked witlrout much excess of air. The 
temperature of the formation of the ferrite is above 1200°. 
Mistakes in heatifig may be caused both by overdoing and 
by underdoing it. From his experiments Hommel draws the 
•following conclusions :—(i) The ore must be rapidly brought to 
the temperature 6f ignition, either by external heating or by the 
hot roasting-gasesV* (2) The ignited blende must be deprived 
of the greater part of its sulphur by thorough stirring and 
moderate-supply of air, but without external heating. (3) The 
nearly desulphurised blende must be brought into contact, at 
a temperature which need not exceed 800', and with thorough 
stirring, with a strong current of air, but in such a way that it 
is not cooled thereby. (4) The space occupied by the ore in 

1 Z. angew. Chem., 1894, p. 50. 

^ Trans, Amer. Ihst. Min. Eng., 1904, p. 834. 


^ Loc. cit. 
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the muffle ought to be as nearly as possible equal to the free 
space. Hommel finds that most of» the furnaces now used do 
not satisfy these conditions, more especially those built on the 
Hasenclevcr principle. Much better than these are the old 
Eichhorn-Liebig furnaces (Lunge, *4th edition, p. 504) in a 
slightly modified form; also the Delplace furnaces, which, 
however, have an unduly complicated firing arrangement. 
Modern* roastin^furnaces ought to be in any case worked 
wiyi producer-gas. 

Max Liebig treats of the same matter in his Zink unci 
Cadmium, 1913, p. 222 et seq. 

Reed (U.S. P. 1069178) mixes the blende with part of 
the cinders from a previous operation. 

Titus and Barenscheer (U.S. P. 1069498) mix blende with 
sodium chloride, heat it, and treat the cinders with chlorine. 

The Gcr. P. 272918 of Martin also belongs to this domain. 

Mostowitch * describes the behaviour of zinc sulphate at 
high temperatures. He knows of cases where the sellers of 
roasted bfcnde have been obliged to allow deductions from the 
selling price, owing to bad roasting. 

Nemes ^ writes on the roasting of blende in shelf-furnaces. 
According to him, the decomposition of the sulphate is not 
merely dependent upon the temperature, which is nearly 
identical with various samples of blende, in the same furnace, 
but also upon their composition, especially on the percentage 
of iron. Lead sulphate is not decomposed by heat in the 
blende furnaces, but by a secondary reaction thiosulphate is 
transformed into silicate by quartz or byjthe.silica of fireclay ; 
thereforfi blende containing much lead acts more strongly on 
the material of the furnaces than that containing but little, 
lead. Accofdlf^to this author, the Rhenanfa furnaces have 
been almost entirely replaced in Belgiurft*'by the Delplace 
furnace ; see p. 398. 

Treatment of Complex Ores containing Blende, Goppef Ores, 
and of other Ores yielding poor Gases. —H»rt“ proposes treat¬ 
ing such ores with sulphurfc acid in a salt-cake pot, and, when 
the mass has become pasty, transferring it to a blind roaster 

1 Z. angew. Chem., 1911, p. 763. 

* Metalturpe, 191.2, p. 516; Z. angew. Chent., 1913, 2, 5^. 

^ J. Soc. Chem. Ind., 1895, p. 544. 
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and finishing it there, all the gases going into vitriol-chambers. 
The zinc remains behind as sulphate, which can be obtained 
by lixiviation and crystallisation ; or else it is mixed with poor 
zinc-ore and roasted, in which case the oxygen of the sulphate 
combines with the sulphur of the blende. The reaction seems 
to be: 

ZnS-l-4SOj = ZnSO^ + 4SOj. 

The Maschinenbau-Anstalt Humboldt (Ger. P. 160694) 
treats ores composed of pyrites and blende as follows:—Jhe 
ore is at first but slightly roasted, so that on the surface the 
FeSo is converted into FeS. It then passes a magnetic 
separator, and after leaving this, P'eS and ZnS, now separated, 
are roasted in separate furnaces. Here FeS is completely 
roasted, and the gases, which are superheated and contain SO,, 
are passed into the furnace, where the ZnS is completely roasted, 
employing so much air that the gases leaving this furnace can 
be employed for the superficial roasting of FeSj mentioned in 
the beginning ; hence there is no fuel required for this, and the 
gases passing out of the first furnace contain all the sulphur 
of the ore as SOj in such concentration that it can be ad¬ 
vantageously worked up. Another patent of this firm (Ger. 
P. i6ii„54) treats of the case of ores containing but little 
pyrites, not sufficient for yielding enough heat on burning to 
roast the blende. This drawback is remedied by mixing such 
ores with enough fresh pyrites to yield sufficient heat on roast¬ 
ing for the roasting of the blende. 

In order to enrich the SO^ gases from ores not yielding 
sufficiently good*ga^es, J. G. Jones (Amer. P. 872822) burns 
raw brimstone in a horizontal furnace and passes th'e heated 
«gases into a horizontal revolving furnace, in which the poor 
sulphur ores travel in the opposite direction ;'l’nus'both sources 
of sulphur are uJShised for producing gas rich in SO.^. The 
coke produced is continuously removed from the revolving 
furnace. • ■ 

O. Niedenfiihr'(Ger. P. appl. N10069) effects the simul¬ 
taneous roasting of easily burning 'and more difficu’tly treated 
ores (only of pyrites and zinc-blende) by preventing the ores 
from getting mixed. On each shelf of the burner there is only 
one ore, in turns ; or one furnace is arranged inside the other, 
with special stirrers. 
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In England spent oxide has been burnt to give a rich gas 
and to enrich the gases from Rhena/iia furnaces. 

Channing and Falding (Amer. P. 962498) ' utilise the gases 
from the "pyritic smelting" of copper ores, which hitherto were 
wasted on account of the irregularity of their composition and 
the small percentage of SO^ contained therein, in the following 
manner. The addition of coke in the fusing process is kept 
as low as possible* in order to avoid unnecessary dilution of the 
gas^s with CO2 and N ; say, i part coke to 4 parts of available 
sulphur in the sulphides. The air-blast is regulated in such 
manner that, after the oxidising processes have been accom¬ 
plished, an excess of 4 or 5 per cent. O remains in the gases. 
In order to keep the percentage of SO^ in the roasting-gases 
between 5 and 8 per cent., as is the rule both for the chamber- 
and the contact-process, and to obtain gases of uniform quality, 
they arc conducted from the single furnaces into a large mixing- 
chamber ; if they are too rich in SO,^, air is introduced in some 
suitable place ; if too poor, some of the furnaces are charged 
with richer ore. , 

*• Reverberatory furnaces applicable to the production of 
blister copper, together with SO^ in a state in which it can be 
used in vitriol-chambers, are described by T. Walket in B. P. 
9918 of 1909. 

The j-ecovery of sulphur trioxide and sulphuric acid from 
the gases of “ pyritic ” copper-smelting, containing 3J per cent. 
SOj, is described in detail by P'roeland and Renwick.'^ This 
is done by the Ducktow.n Sulphur, Coppep>, and Iron Co. in 
Tennessee to the extent of 160 tons ^ci 4 of 60° Be. per 
diem. * 

Carmichael (Ger. P. 175436, U.S. P. 1124696) roasts- 
ores and met 3 fl<irgical products containing' sulphides in a 
converter, with addition of calcium sulph’ife or sulphide, in 
such manner as to obtain, on one side, the metals as such, and, 
on the other side, gases rich enough in SOj to bt' worked for 
sulphuric acid. * 

Sweeting (Fr. P. 361868) utilises the SOj given up in the 
roasting of antimony ores by absorbing them in water ; the 

^ Described by Redepenning in Berg- unit Hutlcnw. Rundschau, 1911, 
pp. 1-19 ; extr. in angew. Chem., 1912, p. 860. 

2 Eng, and Min. J., 1910, pp. 1116-1120. 
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antimony oxide carried along with the gases is filtered or 
decanted off. ' 

The furnaces or kilns for roasting ordinary copper-ores, 
lead-ores, and so forth, so far as they are not mentioned in 
previous places, cannot be described in this book, as they belong 
to the domain of metallurgy proper, and in these cases if the 
roasting-gases are sent into vitriol-chambers it is merely to 
get rid of them, with no expectation of profitrble work. 

We merely mention a few modern attempts to obtain work¬ 
able roasting-gases from such ores by new methods. 

Hybinette (Ger. P. 275204) adds to cupric-sulphide ores 
from 2 to 5 per cent, .sodium-sulphide before roasting; this 
prevents the formation of hard lumps of cupric sulphide, which 
arc not dissolved in the succeeding treatment with ferric salts. 

S^billot (B. P. of 21616, 1898) charges cuprous or other 
sulphur ores, mixed with fuel, into a furnace provided with 
air-blast. The gases are led into a chamber containing coke, 
pumice, or a suitable metallic oxide, where they are treated 
with ail" and steam, and where sulphuric acid is formed {cf. 
Chapter IV, Vol. II). 

The ordinary kad smelted in Europe contain but 11 to 
15 per c'-nt. sulphur, and by the old roasting processes yield 
burner-gases containing about I per cent, of sulphur, which are, 
of course, quite useless for the manufacture of sulphuric acid. 
Richer gases are obtained by the process of Huntington and 
Hcberlein (B. Ps. 8064 of 1896, 3795 of 1897), in which air is 
blown in a “ conve.ter ” through a layer of lead ore 3 ft. deep. 
In the beginning, and at the end of the roasting, gases very 
poor in SOj are obtained ; but during the most active stage 
the gases contain up to 15 per cent. SOj, and by working a 
large number of converters charged at differeJt times, a fairly 
continuous gas cuVrent can be obtained, which is sufficiently 
rich in SOj for conversion into sulphuric acid. According to 
Hasenclever,^ the manufacture of sulphuric acid by this process 
was first introduced' at the Muldenhiitte at Freiberg, Winkler’s 
contact-process being used ; at the Friedrichshiitte at<Tarnowitz 
in Silesia the roaster-gases are treated by the chamber-process 
after being reheated in firebrick pipes which are externally 
heated. ’ 


' /. Soc. Chem. Ind., 1911, p. 1291. 
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Whilst the Huntington-Heberlein converters work inter¬ 
mittently, the work of the Dwight-Iiloyd furnace, improved by 
Schlippenbach, is continuous. In this apparatus’ the air is not 
blown through the material from underneath, but sucked down 
through it from the top to the bottbm. 7 'his furnace delivers 
a regular gas-current of 4 to 6 per cent. SO2 by separating 
continuously the rich from the poor gases. Probably about 
go per cent, of the sulphur of the lead sulphide can be utilised 
for,the manufacture of sulphuric acid, so that 4 tons of lead ore 
will yield I ton of sulphuric acid of 142° Tw. A large plant 
for the manufacture of sulphuric acid by the contact-process 
combined with furnaces of this design was erected at Stolberg 
in October 1911. Considerable difficulties were experienced, as 
the gases contain 5 or 6 per cent. COg and much dust, and are 
low in SO2 owing to false air being drawn in. 

If all the lead-ores smelted in Germany were to be treated 
in this way, they would yield about 40,000 tons sulphuric acid of 
142° Tw. per annum. The production of acid from this source 
in England would be about 6000 tons ; in Belgium, 18,oc)0 tons; 
•• in France, 12,000 tons ; in Spain, 75,000 ton.s. 

Offcrhaus ’ describes the “ pyritic process ” for smelting 
copper ores in kilns, in which ferrous sulphide, P'cS, serves as 
fuel; in the “ .semipyritic process,” coke is u.sed at the same 
time, .^t Copperhill factory, part of thetfurnaces is connected 
with a sulphuric-acid plant, consisting of twenty-four large and 
eighty small chambers and eleven* Gay-Lussac towers, with a 
daily production of 600 tpns sulphuric acid af 60° B6. 

According to Dempwolff,* on heating, le?/l sulphide up to 
450° le,?d sulphate is the principal product; at higher tempera¬ 
tures more SOj is formed, but no SO3. When all the lead has > 
been convert*e 3 " fflto sulphate, all stages in the proportion of 
SO2 : SO3 are gone through, until at 766° the proportion 
65 SOj : 35 SO3 has been attained. If the temperature* is 
raised still higher, besides the oxidation, reductiem also sets 
in. By the admixture of indifferent subst'ances the limit of 
the reaction can be moved ^to even higher temperatures. 

G. de Bechi (B. Ps. 9939, 1906, and 4246, 1912) .separates 

' Mentioned by Hasenclever, loc. cit. , 

2 Metall und Erz, 10, 863 ; Z. angeiv. Chem., 1914, 2, 442. 

® Metall uttdErz, 1914, p. 619 ; Chem.JZeit. Rep., 1915, p. 127. . ’ 
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the lead and zinc in mixed sulphide ores by converting the 
sulphides into sulphates. The finely ground ore is treated with 
a hot solution of ferric sulphate, containing free sulphuric and 
nitric acid, whereby PbS and ZnS are converted into sulphates, 
the ferric sulphate being reduced to ferrous sulphate : 

ZnS + Fe^(SO^)j = ZnSO^ + zFeSO^ + S. 

Thl; ferrous sulphate is reconverted by the sulphuric and nitric 
acid into ferric sulphate. The solution contains zinc sulphate 
whilst lead sulphate and free sulphur remain behind and are 
filtered off. I'rom the solution, on cooling, zinc sulphate 
crystallises out; the mother-liquor goes back into the process 
The zinc sulphate is roasted, whereby the sulphuric acid requirec 
for the process is regenerated ; the residual ZnO is convertec 
into metallic zinc. The free sulphur is obtained by distillatioi 
or extraction by means of a suitable solvent, and the fina 
residue, which contains all the lead, is smelted for silver-leac 
bullion. 

Reinders’ describes the reactions taking place in thp roastinj 
of lead sulphide. 

Estelle (Ger. P. 293908) treats the sulphide ores wit: 
hydrochloric acid ; the iron is dissolved in the ferrous state an 
the sulphur escapes as HjS. The ferrous chloride is lixiviate 
out and electrolysed, whereby part of the iron is separated i 
the metallic state, and the remainder, is brought into contac 
with the HjS, whereby the sulphur is precipitated and tl: 
ferric salt reduced, to the ferrous state. 

Debusch (Ger, P. 269774) treats pyrites containing coppe 
zinc, and lead sulphides as follows. The roasting piocess 
interrupted, for part of the material, and the product mixe 
with the other part to be finished at a later stifgc.- In order 
moderate the ex'et'ssive heat caused by the roasting, oth 
materials may be mixed with the pyrites which do not pa 
ticipatc in the roasting. In this way the metals accompan 
ing the iron are converted into easily soluble salts, e.g. in 
■sulphates. The roasting is effected-at 600° to 650°,by movii 
part of the ore from the first shelf to the third, from the secos 
to the fourth, and so on. 

1 Z. anorg. Chim., 1915, 93, 213; /. Soc. Chem. Ind. Abstr., 19. 

p. 847- 
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According to Wade (B. P. 14295 of 1914) (a communica¬ 
tion from Cartnickael and Montgomery), sulphide ores of low 
sulphur content are roasted so as to convert one or more of the 
metals present into sulphate, and at the same time to produce 
a furnace-gas rich in sulphur dioxide. The ore is heated to 
the required temperature in a muffled hearth, and then dis- 
charged,into an oxidising hearth of a furnace of the superpored 
chamber type. • 

4 V. W. Norton' compares the results obtained with several 
descriptions of roasting-furnaces which are working side by 
side at the Murray Works of the American Smelting and 
Refining Co., viz. the furnaces of Huntington and Ilebcrlein 
(p. 415), of Dwight and Lloyd (p. 415), of Godfrey and of 
Wedge (p. 383). The last two systems work with ores con¬ 
taining a good deal of sulphur (25 to 35 per cent.), the Dwight- 
Lloyd furnaces with poor ores (15 to 18 per cent.) which 
cannot be u.sed for the furnaces of Godfrey and Wedge. For 
the Dwight-Lloyd and the Huntington-Heberlein furnaces the 
ores must? go through a preliminary roasting, or the sulphur 
• contents of the ore must be reduced by admixtures ; these two 
furnaces are therefore finishing roasters, the other two pre¬ 
liminary roasters. The Dwight-Lloyd plant roasts ’per day 
220 tons ore of 15 to 16 per cent. S down to 4 per cent.; the 
Huntington-Heberlein plant, 400 tons of 17 to 19 per cent. 
S down to 5 per cent. The cost of roasting of the last- 
mentioned works is lower by 3 to*4 per cent., but the cost of 
plant is higher. At the former there wa^ 0*93 per cent, 
lead in the scoria, and 14-96 per cent. « the matte; at the 
.second, 0-63 per cent, lead in the scoria, and 10-7 per cent, in 
the matte. As to the physical properties, the Huntington- 
Heberlein producT is superior. 

The theory of this process is discussed by Bannister in 
Inst. Min. and Metall., 1912, 8th February; abstracted in 
J. Soc. Chetn. Ind., 1912, p. 285. Further processes for this 
purpose have been proposed by Nemes (Fr. P. 426851); 
Renwick (Amer. P. 98i8i?o); GrUnewald and Welsch (Ger. 
Ps. 232044 and 23^293 ; Aktiengesellschaft fur Bergbau, 
Blei- und Zinkfabrikation zu Stolberg (Ger. P. 253492). 

1 Eng. and Min. J., 1914, 93, 299. 
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D. Sulphur Dioxide ^rom various other Materials 

I. Burners for the Spent Oxide of Gastvorks. 

The spent oxide of gasworks is now generally washed, s 
as to obtain ammonia salt 
therefrom, and is also frequent! 
treated for thh ferrocyanide c 
sulphocyanidc. At all cvmt 
the sulphur, which it contain 
in the free state up to 50 pe 
cent, and over, is ultimatel 
burnt for the manufacture c 
sulphuric acid. This is some 
times done in ordinary briir 
stone-burners, as shown abov 
p. 306 et seq .; but in this cas 
it is difficult to burn it 01 
completely, and there* is loss c 
sulphur in the residue. Ordir 
arily it is burnt in apparatus very similar to “ shelf-burner.s,” j 
shown in Fig. 53 (Hill’s burner). Each chamber in this ca; 
is about 10 ft. long, 20 in. wide, and 9 in. high. M'Dougalh 
Harris’s, and Herre.s'hoffs mechanical furnaces have also bec- 
used for this purpose {cf above). 

Where the Herreshoff rtirnace has been adopted, it is coi 
structed with only four hearths. 

A modified form of Hill’s burner is shown in Figs. 53 ar 
54. Fig. 53 is a .sectional longitudinal elevation. In Fig. 5 

’ D is a plan on line A A" of Fig. 54, E a plan on line B E 
and F a plan on line C C". H is the nitre potting oven and 
the main flue to the Glover tower. 

There are only three working beds, a, b, and c, the gas 
travelling along the top and bottom flues as shown by ti 
arrows. ' 

Sometimes the oxide is mouldtld into bricks asd put in 
lump-burners ; it burns off very well,' and * the cinders f; 
through the grate-bars by themselves ; in fact, the bars mt 
be touched as little as possible. This process does not answ 
"sc well as shelf-burners. 
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The 38//1: Alkali Report, p. 97, recommends not to discharge 



*• the hot residue from oxide-burners through the front working- 
doors, as this causes a nuisance, but to push it into chambers 



placed at the back, where they can cool off. The gases should 
be taken through long, heated flues, in order to lJurn the 
tarry substances and ammonia which destroy nitre. . * 
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Wilfrid Wy/d, Assignor to J. F. Carmichael & Co., Ltd. 
(B. P. 5751 of 1911), describes a mechanical furnace for 
the combustion of spent oxide or sulphur, having two hearths 
provided with stirrers. 

, The material is fed from a hopper, i. Fig. 56, the lower 
portion of which consists of a cylindrical casing, 2, in which 
a,shaft containing radial blades is rotated by means of an 
eccentric rod connected on the shaft, 6. 

The material falling on to the upper hearth is car’-ied 
forward by means of rakes, 15, attached to an endless chain, 
8, and carried over sprocket wheels, 7, and upon reaching 



the end of the hearth falls on to the lower one, the rakes finally 
carrying the burnt material into the pit, 22. 

Air is admitted at the back of the burner at 16, and is 
pre-hcated by travelling along flues, 14. 

A burner 3 ft. wide X 18 ft. long is capal^M Vlf burning ij 
to 11 cwt. of spehl; oxide per twenty-four hours. 

■ These furnaces are in use in many parts of the country, and 
by all the principal Gas Companies and Corporations, and have 
proved very satisfactory. 

Fig. 57 shows a sectional eletation of two burners built 
side by side. 

Kershaw (B. P. 108986) describes a furnace consisting 
of one or more inclined flues, each provided with a device 
fqr feeding and discharging at the upper and lower ends 
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respectively. The flues may be arranged one above the other, 
in spiral form, around a central col*mn, the inclination being 
such that the spent oxide remains in repose upon the floor of 
each until the sulphur is expelled, when the residue travels 
downwards by gravity to the place bf discharge. 

In the ^ 6 th Report on Alkali Works, p. i8, it is stated 
that the “ Kershaw ” gravitation furnace has been rcconstruc^d. 
It is now providej} with three spiral flues, instead of one, and 
th^ capacity has been increased fourfold. It was in inter¬ 
mittent use under adverse local conditions as regards draught. 


J,----4 



It is anficipated that the use of a fan to increase and control 
the draught will materially improve working results. 

A furnaefr’ iW burning spent oxide is claimed by W. 
Crowther (B. P. 145366).* A number of it/perposed burning 
compartments are arranged in a setting, each being provided 
with an arched roof, leaving a space between the roof, afld the 
floor next above. The burner-gas passes* through a square 
hole in the. arch of the root into the space above and thence 
through side openings into a common vertical flue. I he 
material on each floor is thus pre-heated by the gas from the 
chamber below. The burnt oxide is pushed out of the fcurning- 
1 J. Soc. Client. Ind., 1920, p. 570A. 
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chambers into a receiver at the back, and the light dust is 
deposited in the outlet fluen. 

A damper is pushed in to prevent excess of air entering 
the kiln before the receiver door is removed, and the burnt 
oxide withdrawn. Each s'.iclf is 3 ft. 8 in. wide and 10 ft. 
6 hi. long, and .said to be capable of burning 10 cwt. per 
shelf in eighteen hours. 

The Chemische Industrie Aktiengcsellschaft and F. Wolf 
(Gcr. P. 248001) recover all the sulphur liberated in ^he 
distillation of coal, by mixing the SO^ gas obtained by burning 
the spent oxide, with the waste gases of the furnace, whereby 
the sulphur dioxide contained in these latter gases is equally 
utilised. 


2. Burners for Sulphuretted Hydrogen. 

These are usually of a very simple description. That 
shown in Fig. 58 consists of a brick chamber provided with 
some baffling-walls a, a. The sulphuretted hydrogen gas 
(which is nearly always mixed with a large quantity of inert 
gas, chiefly nitrogen) is introduced through the cast-iron pipe l >,, 
the supply being regulated by an inlet-valve c. Air is admitted 
partly round the pipe b, and [)artly by a special opening d, which 
ought to be provided with a slide or other means of regulating 
the amount of air. The heat produced by the combustion of 
the sulphuretted hydrogen is quite sufficient for keeping the 
temperature of the chamber at a red heat, so that the gas 
is always lighteiT again if by chance the flame has been 
extinguished. This is aided by the baffling-walls a, a, which 
provide a reservoir of heat and at the same time mix 
the gases so as to ensure perfect combustion. The grate 
e is required only for'- relighting the gas auv-r stoppages 
where gas of irrrsgular composition is used. With gases of 
regular composition and comparatively rich in sulphuretted 
hydrogen, like those given off in Chance’s sulphur-recovering 
process, the grate, e is unnecessary, as these gases are as 
easily lighted and kept burning asr coal-gas. The doors f f 
serve for “ potting ” the nitre, where it is not preferred to 
employ more rationally constructed apparatus for this purpose.' 
The size of the whole chamber may be about 10 to 12 ft. 

* Cf, Chapter II. 
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long, 4 or 5 ft. wide, and 3 ft. high. Pans for concentrating 
sulphuric acid may be placed upot; it, and even in this case 
the gases will issue hot enough to do full work in a Glover 
tower. Sublimation of sulphur is never observed with ordinary 
care in admitting the air. One ve»y great advantage in burn¬ 
ing sulphuretted hydrogen is this: that, in contrast with •the 
variations in the amount of SOj in burning brimstone or 
pyrites,* even when keeping up a regular rotation of the buriTers, 
the process in tins case is perfectly continuous, as* the supply 
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of lljS.from the gas-holder is continuoiA ; tlie amount of air 
need never be varied when once regulated ; the percentage of 
SOjj in thow''VJJi?er-gas is altogethci; uniform ; the chamber- 
process is consequently much more rcgular.tjian with brimstone 
or pyrites, and the consumption of nitre is correspondingly 
smaller. All thi.s, however, holds good only if the pcij:cnfage 
of HjS in the gas is practically constant,^whilst with gases of 
very varying composition^such as those evolved in ammonia- 
works, the contrary js the case. 

It must be remarked that at some works, in burning the 
sulphuretted hydrogen from the Chance process, an^increased 
consumption of nitre has been noticed, whilst^at others a saving 
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in nitre in comparison with the burning of pyrites has been 
effected. Evidently in the former case the quality of the 
sulphuretted hydrogen has not been as it ought to be ; it has 
no doubt varied in percentage, and may even have contained 
a notable quantity of carbon dioxide, so that the chamber- 
process would not be so regular as desirable. Sometimes it 
has been noticed that the combustion has not been quite 
perTect, so that sublimed sulphur has been found in the' Glover 
tower or even in the chambers ; but this is evidently owing 
to mistakes and careless work, and should not occur with 
ordinary care. 

Koppers (H. P. 21385) treats the spent oxide with gases, 
with or without steam, and separates the SOj and NHj from 
those gases. This, he asserts, avoids the excessive amount 
of nitric acid required in the manufacture of sulphuric acid by 
roasting spent oxide. 

E. SuLi’iiuR Dioxide from Noxious Vapours 

Sulpjiur dioxide is very injurious to vegetation, ?nd is one 
of the chief constituents of the “ noxious vapours " so much 
complained of in most manufacturing districts. It is true that 
these vappurs contain other injurious constituents, chiefly of an 
acid character, viz. suiphuric anhydride, hydrogen chloride, and 
sometimes even the ac'ds of nitrogen. 

Processes for absorbing Sulphur Dioxide contained in 
Acid-Smoke, and the like. 

We will now give a .synopsis of the various methods for 
treating ordinary acid-smoke, with special reference to the 
removal of SOj, and SO,^. For details we mu.st refer to the 
sources quoted in this work, to a special trf.ati..c by C. .A. 
Heringi Die Verdphtung dcs Huttenrauches (Stuttgart, 1888), 
and to one by Schnabel, Mctallhuttenkunde, ii. p. 58 c/ seq. 

Condensing by water seems to be the simplest and most 
obvious process, loojcing at the great solubility of sulphurous 
and sulphuric acid in water. But this process is in reality only 
practicable where the percentage of acids is not too slight; 
dilute acid-smoke cannot be sufificientiy washed without employ¬ 
ing a comparatively enormous quantity of water; and, surprising 
as it is, SOj is evep more difficult to condense in this way than 
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SOj. It is quite certain that condensation by water can be 
made to pay only where the gases are sufficiently concentrated 
to convert them into sulphuric acid in lead-chambers ; it is 
therefore to the interest of smelting-works, etc., to conduct their 
processes in such a manner that tlfe acids are diluted with as 
little inert gases as possible. If the percentage of SOg rcacTics 
4 per cent, by volume, they may be submitted to the Schroeder 
and Haenisch process [vide infra'), or they may even be con¬ 
verged into sulphuric acid, although this will leave hardly any 
profit at that percentage ; but it is enough to have removed the 
nuisance. Where, however, there is le.ss than 4 per cent, of 
SO2 in the gases, any utilisation is out of the question—-the 
dilute acid liquids obtained by washing the smoke must be run 
to waste (which in most cases means a fresh nuisance, and is 
not permitted by the authorities); nor is the SO^ and SO,, 
anything like completely taken out of the gases, and the 
nuisance is at best only diminished, but not remedied. 

At all events, the contact of the absorbing-water with the 
acid gases«must be made as intimate as po.ssible. Tlje con- 
..^densing apparatus used for hydrochloric acid is suitable only 
for somewhat strong gases ; the weak gases require special 
means, such as paddle-wheels or similar spray - producing 
apparatus, costly to work and to keep in repair, and generally 
imperfect in their action. t 

Moscicki (Ger. P. 256595) employs, for absorbing the acids 
from large quantities of diluent g»i.ses by liquids, a space in 
which the liquid flows through a packing, costained in a single 
space, through which Jhe ga.ses travel in ^the .horizontal direc¬ 
tion. The packing is divided into layers, perpendicular to the 
direction of the gas-current, some of which are sprayed with • 
water. 'rhi^aiv*i*ion is produced by* a number of partitions 
pervious to the gases, which prevent the de.?c%nding liquid get¬ 
ting from one layer to the next, so that the liquid gets mere 
concentrated in the places near the entrance of the ^ases? 

Flasche (Ger. P. 271786) describes an absorbing-vessel with 
tangentially arranged tube.*for introducing the gas. 

Zschokke (G<jr. P. £82088) describes an apparatus for purify¬ 
ing gases and vapours from suspended dust by water sprayed 
on by centrifugal action. ' 

Bab^ and Pape (Ger. P. 187381 ; B. P. 19973 of 1906) pjss 

• * 
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the gases, previously cooled and washed, through a second 
chamber, cooled down below o°, e.g. by lumps of ice, or on the 
outside by the evaporation of liquid ammonia or sulphur dioxide. 
Here the aqueous vapour is condensed and retains all the SOj 
present in the form of a saturated solution. If necessary, a 
littic more water is introduced, or else an aqueous solution of 
salts not decomposable by SO^. 

H. Howard (Amer. P. 889132) absorbs the SOg from dilute 
gas by water, drives it out by heating, cools the concentrated 
gas and absorbs it by a sulphite solution. 

Borchers’ obtains technically available solutions of SO2 from 
dilute gases by repeated automatic supply of water or weak 
solutions of SO2 to absorbing-towers. 

Drewsen (Amer. P. 981625) utilises gases poor in SO2 by 
absorbing this in water, and driving it out of the solution by 
the heat of the burner-gases. 

Edmunds (B. P. 8006 of 1910) describes an apparatus for 
this purpose. 

Burbury (Fr. P. 420596 and additions) atomises water in 
apparatus for the absorption of SO2, and injects it into the tube 
through which the gas is passing on its way from the furnace 
to the absorbing vessel. 

Absorbing the adds by caustic lime, generally in the form of 
a cream of lime, is one of the oldest and, if properly carried 
out, still one of the most efficient ways of removing the acid- 
smoke nuisance. Where the quantity of acids is but slight, 
and the manufacture in quc,stion is sufficiently profitable other¬ 
wise, this process is even now applicable, and if properly 
applied it does remove practically all the acids. The cream 
„ of lime should meet the gases in a finely divided state, either 
by flowing down prope.ly constructed towf.:-, v., still better, 
by being convertc-d- into a spray by means of paddle-wheels or 
the like. That this leads to the de.sired effect, even with the 
large 'quantity of SO2 emitted in roasting blende, has been 
proved by working on the large scale in Upper Silesia.^ But 
unfortunately the expense of this pyocess, where lar^e volumes 
of acid gases are concerned, is very serious, more especially as 
nothing like the whole of the lime can be utilised for absorption, 

’ 1 Chem. /entr., 1909, 2, 1177. 

2 Cf. Bernoulli, Fisiher’s Jahresber., 1880, p. 184. 
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and the attempt to sell the product as bisulphite of lime 

(Hasenclever, Ger. P. 107lo) has foiled^ 

According to Jensch,^ the deposit forming in the milk-of 
lime towers contains so much lime that it can be ove 

again, and at*least a product is obtained ^-7 per 

cent, lime, 38-4 SO, 2-8 SO,, 4-1 f 

useful as an addition to animal manure for the purpos^ 

fixing tlie ammoijia, in which respect it is equal 

It has been found by Cl. Winkler and other ob^ervei.s that 
the* SO, in smoke is much more injurious to vegetation if 
accompanied by much steam, ^ smoke-gasxs brick¬ 

kilns. Spitta (Ger. P. 110388) proposes to absorb 
steam at the same time by passing the gase,s up ^^'jd down 
several flues, into which slaked lime in the shape of dust 
injected from the top. The bisulphite of lime formed is removed 
from the bottom of the flues by means of special doois. 

Limestone is very much cheaper than caustic lime, and is 
almost equally efficient if employed in the proper way ; that is 
if a vcry,large surface of limestone is exposer, to tjic acid 
,^ascs, and if this surface is kept from being covered with a 
crust of sulphite by being constantly washed vvith a stream 
of water. Cl. Winkler has constructed a special at rangernent 
for this purpose (Ger. P. 7174 ) which completely fulfilled its 
object at the Schneeberg ultramarine-works. It consists o 
three br'ick chambers filled with large pieces of limestone, he 
roof being formed by plank covers.perforated with many holes, 
through which water is kept running on .to the limestone. 
The gases pass through these chambcr.s sufcessiyely aiid in 
regular'rotation. The absorption of SO, is excellent, but as 
each cwt. of sulphur requires 3 cwt. of limestone, it is still too. 
dear for moft iif-tallurgical purposcs,‘especially as any utilisa¬ 
tion of the sulphur is out of the question. •' 

The gases going out of the limestone-towers mostly ytill 
contain from t to 2 per cent. SO„ conc.spondu^^ to a loss 
of to per cent, of the SO,; in case of tiie application of a 
fan for prpducing the draught, the loss of SO, 

1; or 20 per cent. • This is, according to de Cews U.S. 1 . 
1077243, avoided by filling the top part of the limestone-tower 

1 Cf. Scliroeder and Haenisch, Chem. hut., 1884, p. 118. ^ 

2 Fischer^s Jahresber., 1889, p. 32^1. * 
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with moistened blocks of calcined magnesia. The magnesia 
is not, like the lime, converted into hydrate, and absorbs SO2 
even in the most highly diluted form much more easily than 
lime, with formation of magnesium sulphite and bisulphite. 

The limestone treatment'is frequently employed at sulphate- 
of-a‘mmonia works for getting rid of the SO2 formed by 
combustion of the HjS escaping from the saturators. This 
treatment is frequently mentioned in the Alkali Inspectors’ 
Reports, and in the 36/// Report (for i 899), pp. 25 and 26, Mr R. 
I-'orbes Carpenter, the Chief Inspector, states the following con¬ 
ditions as being absolutely nece.ssary for success :—(ist) There 
must be sufficient draught at the furnace, and the suction at the 
condenser outlet must be adequate to supply this at all times, 
to avoid sublimation of sulphur. Such draught might be 
supplied by injecting air under slight pressure in the furnaces. 
(2nd) The gases must be completely cooled before and behind 
the furnace. If they enter the limestone-tower above 38° 
much calcium sulphate is produced, which forms a protective 
crust on the limestone. The hot gases are to be coo'-’d first by 
cast-iron pipes until some condensation takes place, when leaden 
pipes must be substituted for them. (3rd) The limestone-tower 
should be made of wood planks, tongued and grooved, or of 
brick and cement. (4th) The supply of water is best made in 
two forms, one constant, the other intermittent (by flushes), 
especially in the case of limestone; but with hard chalk the 
intermittent flush only may be u.sed, at not too long intervals. 

Bauxite, or a similar substance, is employed by Peniakoff 
(B. P. 21476 of, 1912; P'r. P. 459926). The acid gases, 
preferably still hot, are brought into contact with the purifying 
.materials, which are best moved forward in a direction opposite 
to that of the gases. 7'hc sulphur acids contr.lned’in these are 
thereby fixed in th'o'iorm of sulphate of alumina and iron, which 
are. obtained by lixiviation, and are either worked up into a 
marketable state, or decomposed by heating into sulphuric acid, 
the residue again serving as absorbent. 

Fleitmann (Ger. P.' 17397) passes the sulphurous gases, 
together with some air, through a kiln containing a mixture 
of ferric oxide and coal. The latter, in burning, yields the 
necessar) heat, and at the same time reduces the F’e^Os and 
SO,, so that FeS collects at the bottom. 
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In Salt Lake City the SOj contained in the smoke of the 
copper-works is retained by the bdses of scoria blown into a 
kind of glass-wool. 

Calcium si^phide, proposed many years ago by Dumas, forms 
the absorbing substance in Kosmann’s process (Ger. P. 13123). 

Barium sulphide, which was experimentally tried at hVeiberg, 
proved /nuch too costly. • 

Vegetable charteoal was proposed by A. H. Allen Qk P. 189 of 
18^9), who passes the gases, freed from dust, through drying- 
towers fed with sulphuric acid and then through columns filled 
with charcoal, previously ignited in a stream of nitrogen, where 
the SO2 is retained, whilst the nitrogen passes on. By a 
vacuum or by heating to 300° to 400°, or by a combination of 
both, the SO2 is to be driven out and utilised. 

A similar process to that of Allen is claimed, according to 
U.S. P. 1145579,^ by passing the gases at room temperature 
over charcoal, when the SO2 is absorbed, and later the charcoal 
is heated to from 130° to 180’, when the SO2 is expelled. The 
enriched fas, which may occasionally carry even 98 to 99 per 
•cent. SOj, is recovered and used. Various charcoals have different 
affinities for sulphur dioxide, boxwood being recommended. 

Garner and Clayton (U.S. P. 1173566, assignsd to the 
Metals Research Co.) treat SO2 with a gaseous fuel containing 
carbon jnonoxide and hydrogen, in presence of wood charcoal 
at a temperature of 500” to 600°, whereby H2S is formed. 

P'arbenfabr. vorm. F. Bayer »und Co. (G. P. 304262, 
24-1 !• 16)^ prepare sulphurous gases in a ♦concentrated form 
as follows ; Gases containing a low peregntage of sulphur are 
passed over porous charcoal moving in the opposite direction, 
and the sulphurous acid absorbed by the charcoal is there 
recovered iJy careful heating. By Tcceping the charcoal in 
motion during the heat treatment the fortnation of carbon 
oxy-sulphidc is prevented, and the sulphur dioxide contend of 
the gases may be raised from 0-3 per cent, to 70 per cent. 

• 

F. St^LPHUR Dioxids from Blast-furnace Slag 

According to thd Chem. Tr. J., vol. Ixix. (1921), p. 217, 
when the imports of pyrites into Germany were stopped by 

1 Chem. Trade /., 1915, p. 57 . 

“ /. Soi. Chem. Ind., 1920, p. 570A. 
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the war, various processes were worked out for recovering the 
sulphur from the natural calcium sulphate (gypsum and 
anhydrite) and also from blast-furnace slag. The annual slag 
production of the country amounted to 20,000,000 tons, and 
the slag contains an average i ■ 5 per cent, of sulphur; some 
300,000 tons of sulphur were therefore dumped with the 
slag every year. The recovery process which L. H- Diehl 
developed in the Gutehoffnungshiitte promises to survive the 
war period. s 

Slag contains sulphur mostly in the form of calcium 
sulphide, and this sulphur can be oxidised by air and also by 
sulphates such as gypsum. The meta-silicate of the slag is 
then converted into calcium ortho-silicate Ca2Si04, while the 
sulphur is liberated as such, or as SO^. Calcium sulphate and 
calcium sulphide can co-cxi.st in the solid condition, but not in 
the molten state ; when gypsum is added to fused slag, SOj is 
liberated. Though the reactions are not quite so simple as 
they may appear, the Diehl proce.ss consists simply in blowing 
hot air through the fused slag as it is tapped from nhe blast¬ 
furnace and before it enters the granulation tanks or is other-** 
wise treated. The oxidation-chambers used are firebrick tanks 
3-5 m. long, 0-6 m. wide, 1-7 m. high, partly covered by a vault, 
but overtopped by a shaft for charging in the anhydrite; the 
slag itself is dumped in at the open end, where the, bottom 
slopes upward, and discharged through a tap-hole at the other 
end. The air is injected at a pressure of about 15 cm. of 
mercury through dlots in the bottom. At first, nozzles were 
tried, projecting f'nto, the slag; but they were easily clogged 
with slag and corroded, and it was observed that narrow slots, 
•5 mm. wide, were far less likely to get clogged than round 
holes ; the air vents now used are blocks ‘6f hematite iron, 
cast with ducts for cold water, and fixed flush in the bottom 
of -the tank. The treatment takes from ten to twenty-five 
minutes. 

The hotter the "Slag, the more complete is the recovery of 
the sulphur, which averages 50 per tent, and may b« complete 
when anhydrite has been added to the sl&g. The air escapes 
very hot, near 950°, and contains about 10 per cent by volume 
of SOj. ' A white salt settles in the iron pipe used for the hot 
gases; this .salt is'essentially potassium disulphate KHSO4, and 
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contains only a small percentage of NaHS04 ; the salt volatil¬ 
ised from ferro-manganese furnaces* is also essentially an acid 
potassium sulphate. 

ft 

G . Pkoces.ses for obtainii/g Sulphur Dioxide 

* 

BY OTHER Methods 

P'roiti nitre-cake (acid sodium sulphate) Bottle (B. P. 6J98 
of 1904) obtains ^leutral sulphate and SOj by mixing the nitre- 
cal?e with 12 per cent, wood-shavings and 2 per cent, coke, 
and heating in a retort provided with a stirring arrangement. 

Llewellyn and Spence (B. P. 103689 of 1917) treat nitre- 
cake with a suitable reducing agent, as for instance 25 per cent, 
of pyrites, in a ground condition in a closed iron vessel pro¬ 
vided with a mechanical agitator. Sulphur dioxide is evolved, 
together with some sulphur which is readily condensed, and a 
residue of normal sodium sulphate and iron oxide remains. 

If finely divided iron be substituted for the pyrites, no free 
sulphur is liberated, but a steady evolution of sulphur dioxide 
occurs. * 

Garroway (B. P. 11986 of 1905) decomposes a solution of 
sodium bisulphite under pressure by sodium bisulphate or 
free sulphuric acid ; most of the SOj is driven out in'the cold, 
the remainder by injection of steam. 

ElwcTrthy (I'r. P. 352254) oxidises a mixture of sodium 
sulphide with calcium or sodium sulphate in a Bessemer con¬ 
verter by air, thus obtaining all the S as SO^. 

Basset (Fr. P. 428019) heats a mixture of calcium sulphate 
and aluaiina, preferably'with addition of pt^vdered coal, to a high 
temperature. The reaction is : 

♦ • •SCaSO^ + CaS = 4Ca0 4 -4 SO 2 . 

Schildhaus and Condrea (Amer. P. 9^184) obtain SOg 
from acid-tar or sludge by heating it to 200° to 300° in a 
retort and passing into this air pre-heated to the same eJegree ; 
the liquid hydrocarbons contained in the vaipours produced are 
condenscd,and the remaining gases are washed, first with heavy 
hydrocarbon oil and’ finally with sulphuric acid ; the coke 
formed is continuously removed from the retort. 

J. S. and A. A. Blowski (Amer. P. 1010221) oblbin SOj 

from petroleum sludgf by means of water, so as to obtain 

• • 
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dilute acid containing sufficient organic matter to decompose 
the acid on subsequent heating. The SO^ thus obtained is 
purified and reoxidised to attain sulphuric acid. 

J 

H. Preparation op Sulphur Dioxide in the 
Puke or Liquid State ' 

/Formerly pure sulphur dioxide, free from nitrogen and 
exce.ss of .oxygen, was required only in vLry few cases for 
industrial purposes. The methods employed for preparing it 
were various, one of the commonest being the action of con¬ 
centrated sulphuric acid upon copper at a higher temperature. 
This is, of course, only applicable where there is a sale for the 
cupric sulphate formed, and is, moreover, hardly workable on a 
large scale. Cheaper and easier is the process of heating strong 
sulphuric acid with charcoal, when a mixture of SOj with CO^ 
(and CO) is obtained : 

zH^SO^-p C = alljO + 2SO2 + COj. 

The Cp and COj are harmless in many applicationq.of SO^. 

Sulphur dioxide, quite free from other gases, is made b}^ 
heating concentrated sulphuric acid with sulphur; 

2 H.^S 0 ., + S = 2 H ,0 + 3 S 0 ,,; 

this can be done by running a slow stream of sulphuric acid on 
sulphur, heated to about 400” in an iron retort. li should, 
however, be noticed that melted .sulphur acts very strongly 
upon cast-iron; hence the 'Operation should be performed in a 
cast-iron pan widening out at the top so that a lining of acid- 
resisting bricks can te put in it. Concentrated sulphuric acid 
is boiled with sulphur, which floats on the top and is kept by 
the brick lining from copaing into immediate coqtact with the 
iron, whilst the Ip\ver part of the pan is fully exposed to the 
heating action of the fire. 

"Cast-iron pans arc, however, used at the present time 
without such linings, but in this case they are made from 3 in. 
in thickness, and require rather frequent renewal. 

Sulphur dioxide was made by the Compagnie industrielle 
des proc^d^s Raoul Pictet (Ger. P. 22365), and was purified in 

1 A special treatise on the preparation, properties, and application of 
pure sulphur dioxide is FlUssiges Schwe/eldioxyd, by A. Harpf (Stuttgart, 
igeo), 
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a special apparatus, utilising the fact that the hydrates of SO2 
all crystallise at — 11° and that gaseous SOj at this temperature 
loses all its aqueous vapour. It is unnecessary to describe this 
(somewhat coijiplicated) apparatus, which is described in the 
J. Soc. Chein. Ind., 1883, p. 413, ’ 

An old and well-known process for obtaining pure SOj’is 
to heat ^ferrous sulphate with sulphur, in the presence ^of 
sufficient air, the geaction being: 

• 2FeSO^ +2.S + 3O = Fc.^Oj-l-4SO2. 

This process was made the subject of a new patent by Terrell 
(B. P. 5930 of 1884), who draws special attention to the value 
of the ferric oxide remaining behind, which furnishes a good 
paint. 

Bergmann and Berliner (Ger. P. 160940) prepare pure SOj 
by a reaction observed by Gerland, viz. the absorption by 
calcium diphosphate, which, on heating to 100°, liberates the 
SO2 again. Dicalciumphosphate absorbs SO^ even from very 
dilute mixtures, like fuel-gases and exit-gases of acid»works, 
•which may thus be utilised, the absorbent being always 
recovered. The reactions are : 

1. 2CaHI>0.,-h2S0„+2H„0 = CaH^(PO^)., 4 -Ca(HS 0 ,)). 

2. CaH^(PO^).^-|-Ca(HS03\ = 2CaHPO^-t-"2SO2-)-2H2O. 

^ • 

Carpenter (Amer. P. 829765) obtains pure SOj from burner- 
gases by gradual cooling, moistening with water, thus separating 
the mechanical impurities, and cooling down fe) o“, whereby the 
SOj condenses as a solution in water, while,the other gases 
go awayT 

Hegeler and Heinz (Amer. P. 931868) mix hot SOj gases • 
from a sulphtlr-bimier with about the Same quantity of cooled 
gases, to reduce the temperature below ioo*,'))ass the mixture 
through a tower fed with water, dry and filter the gases. , 

Moulin and Vandoni (Fr. P. 432431) describe an app"liratu.s 
consisting of a sulphur-burner, working* preferably under 
pressure, followed by a heart-interchanger, a cooling apparatus, 
and a series of,compressors, where the gas is compressed to 
about 30 kg., after which it is cooled to about 0° and passed 
to the liquefier. The residual gases from this, after *llowing 
them to expand to abqut 5-5 kg. pressure, araat a temperatura 
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of - 70°, and are used for cooling the tubes of the liqucfier 
and in the heat-intcrchangers. 

The Comp. ind. des Alcools de I’Ardechc (B. P. 9145 of 
1909), in order to recover SOj from solution, heat the solution 
and project it violently in the form of a jet against the walls 
of a case. The SOj goes out at the top, and the water flows 
out at the bottom. 

The best-known process for preparing pure liquid sulphur 
dioxide on the large scale is that of Schroeder and Haenjgch, 
by which it can be prepared in a cheap way from gases con¬ 
taining down to 4 per cent. SOj. It is hardly necessary to 
say that richer gases are better for this purpose. This process 
has made liquid sulphur dioxide a cheap article, manufactured 
on a large scale, and has rendered it possible to employ that 
substance for many purposes for which formerly only the ordi¬ 
nary impure gaseous SOj was available. 

The gases, testing 6 per cent. SOj, were taken from a novel 
kind of blende-roasting furnace, similar to the Rhenania furnace. 

The process consists in absorbing the SOj gas I'n water in 
an ordinary coke-tower, and expelling it again from the result 
ing weak solution by the action of heat, in such manner that 
the latent heat of the steam carried along is fully utilised, and 
ultimately a very small amount of coal is required. It is 
described in Lunge’s.fourth edition, p. 534. 

The manufacture of liquid SO.j from SOj diluted with other 
gases is described in Ger. p. 325473, 23/11/19, Manufactures 
des Produits Chim. du Nord, fitabl. Kuhimann. 

The gases containing a small percentage of SOj, e.jf. those 
obtained from roasting blende or pyrites, are compre.s'sed and 
, then agitated with heavy tar-oil free from anthracene, which 
absorbs the SOj. Thd latter is removed i-n tftb usual way. 
Coal-tar oil of sp. gr. i dis.solves at atmospheric pressure and 
ordinary temperature about a quarter of its weight of SO^. 

Liquid sulphurous acid is also prepared from dilute gases 
by P. Pascal (B. P. 159337) by absorbing the sulphur di¬ 
oxide in carbolic oil distilled from coal-tar at a temperature 
range of i 75°-22 5 ° and having a density of about i. The 
dilute gas from a compressor is passed into the bottom of an 
absorptbn-tower filled with packing material over which coal- 
tar oil trickles downwards and absorbs the sulphur dioxide. 
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which is eliminated by heat and the oil thus prepared for 


A. H. Eustis, Mass. (B. P. 168627), recovers SOj from 
furnacc-gases jjy passing them through a tower, where it is 
cleaned and cooled, and thence to scAibbing-towers packed with 
coke over which the absorbing liquor flows. After leaving fhe 
first scrigs of scrubbers, it passes into another scries containing 
limestone. The JjOa in the solution leaving these scrubbers is 
thei^ liberated by steam, and after removing the bulk of the 
moisture the gas is passed to refrigerators for further drying 
and then comprcs.sed into liquid (see also B. P. 167725). 

Nonnet (B. P. 26999, 1912; Fr, P. 450804) adds to a 
mixture of equal parts of alkaline bisulphite and sodium thio¬ 
sulphate, fused in its water of crystallisation, 5 per cent, of 
|gum arable, and then the equivalent quantity of anhydrous 
podium thiosulphate. He granulates the mass, which forms a 
^table powder, yielding all the SO2 on contact with water. 

I Bassets (B. P. 20667, 1913) passes the gases through a 
pust - collcator, a heat - exchanging apparatus, and a. tower 
forayed with water or a solution of potassium carbonate. The 
fliquid running out of this, after heating up, goes through a 
heat-exchanger into a boiler. , 

An apparatus for preparing solutions of sulphurous <acid*or 
of sulphites is described by F. E. Coomb# (U.S. P. 1147376). 
It comprises, first, a brimstone-furnace with a shallow bottom 
tray, fired from below, and over this.a funnel for the brimstone 
to be burned, provided with a steam mantle by which the 
brimstone can be fused and run dowig into the furnace, 
regulated by a tap. The SOj gases pass into the lower part of 
an absorbing-cylinder, filled with suitable packing material, over 
which water, %ilk fjf lime, a solution of sodium carbonate, etc., 
are run. At the bottom it is funnel-shaped*and the solutions 
obtained run into a receiver. This contains a Tfloat by which 
the pumps for feeding the absorber with liquid and for carrying 
away the solution formed therein are automafically regulated. 

Moore ajid Wolf (U.S. P.*i09i689) pass SOj gas, produced 


in any suitable w^y, containing air and nitrogen, into a cooled 
lolution of calcium chloride, which retains the SO2, and from 
which it can be obtained in the pure state by heatitig with 
Ipplication of a vacuym. The advantage of employing,a* 
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solution of calcium chloride instead of pure water is this, that 
it can be cooled down below 0° without solidifying, and that 
its boiling-point is higher than that of water. Since the 
boiling-point of the dissolved SO2 in both cases is the same, 
less water is carried away with it when driving it out of the 
solution of calcium chloride than when driving it out of a 
solution in water. . 

Babe and Pape (B. P. 19937 of ^9*6) soparate sulphurous 
acid as a saturated solution from combustion-gases by coqjing 
them to below 0° to condense the water vapour. If necessary, 
a certain quantity of water in the form of a spray or as steam, 
or else a solution of a salt that is not affected by sulphurous 
acid, may be added to absorb the whole of the sulphur di¬ 
oxide and form a saturated solution or condensate which will 
not freeze to ice. The process may be effected by passing the 
gases through a chamber filled with ice, or over a surface , 
flooded by a cooling-liquid or kept cool by the evaporation 
of ammonia or sulphur dioxide. 

Carriage of Liquid Sulphur Dioxide. 

The liquid sulphur dioxide is sent out in iron cylinders 
(bottles) holding i or 2 cwt. each, or in tank-waggons of 10 
toils capacity. The bottles are tested to 50 atm. pressure, 
so that there is nec danger whatever in their tramyt. The 
vapour-tension of SOj is given on p. 179. 

It is not advisable to keep the liquid in a place where the 
temperature mayrise above 40°. 

Boake and P..oberts (B. P. 19789 of 1892) find that liquid 
SOj does not act on tin or .soft solder, and that therefore these 
can be employed in the manufacture of carrying-vessels. 

Lange' found that absolutely anhydrousliijuidsQlphurdioxide 
did not act upon iron up to 100°. Technical sulphur dioxide 
has a slight action, owing to the presence of a little water. 
The temperature at which this takes place increases with the 
purity of the acid' ; e.g., it is 70° in the case of acid containing 
0-7 per cent. H^O. Since liquid' SOj cannot dissolve more 
than I per cent, water, even the more impure product cannot 
act on the iron vessels in which it is transported at ordinary 
tempet^atures. The mixture of ferrous sulphite and thiosulphate 
' ' 1 J. an^ew. Chem., 1899,1 p. 275. 
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formed, moreover, acts as a protecting crust. In ice-machines 
where SOj is the active agent, and* where the temperature in 
the pumps may rise considerably, only absolutely anhydrous 
SOjj should b^ employed.' • 

Carrier (Fr. P. 402810) describA a pump specially adapted 
for the compression of sulphur dioxide. 

Pacq,ttet (Fr. P. 365224) describes an apparatus for measur¬ 
ing liquid SO2. wjjich he calls sulphitometer. 

^he Ileylands Company (Ger. P. 250263) consfruct vessels 
for keeping and carrying liquefied gases, consisting of two con¬ 
centrically arranged metallic vessels, the thin neck of the inside 
vessel being of a special shape. 

The regulations for the carriage of liquid sidphur dioxide are 
given in the Chem. Trade J. for 1920, p. 53 i ;—Sulphur dioxide, 
being neither combustible nor explosive, and not corrosive (in 
the sense in which nitric and sulphuric acids are), is not cla,ssed 
as “ Dangerous Goods ” within the meaning of section 446 of 
the Merchant Shipping Act, 1894. Its usual condition is 
liquid who# stored in glass siphons or in metal cyiindess. As 
pressure of liquid rises rapidly with increasing temperature, 
vessels containing it should not be carried if more than seven- 
eighths filled. Siphons and cylinders containing sulphur dioxide 
must be kept in a cool place, away from boilers, and protected 
from the direct action of the sun’s rays. • The cylinders used 
for transporting this substance may be of wrought-iron instead 
of steel. 4 

It may not be carried on emigrant or passenger steamers 
without special permission from the Board^of Trade. On cargo 
vessels \he carriage of siphons should be confined to deck 
cargo, and the siphons should be packed in a case and cm- • 
bedded in powdered chalk. Metal cylfnders should be enclosed 
in stout rope mat or in wooden cases to pre^^flt concussion, and 
should be kept cool and away from the living-quarters ; they 
should be readily accessible, but may be stowed either on deck 
or under deck. • 

* Uses of Sulphur Dioxide. 

The principal uses for liquid sulphur dioxide are for refriger 
ating-machines (Pictet’s and others), for wood-pulp mamifactun 
* C7I, on this subject aljo, Z. angew. Chem., 1899,'pp. 300 and 59}. 
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(to bring the calcium bisulphite liquors up to strength), for the 
purification of beetroot juice, for disinfecting, for bleach,ng, and 

for the manufacture of glue and gelatine. „ . -nd 

Liquid 'sulphur dioxide has been applied by, Behrend an 
Zimmermann as a mean’s for increasing the efficiency of 
steam-engines by utilising the heat of the exhaust steam for 
evaoorating SO^. The high-pressure vapours thus produced 
are* utilised in an auxiliary cylinder for ^ 

power and are afterwards again condensed to liquid 2- 
Hitherto this system does not seem to have fulfilled i 

expecUtiOrmeri^ rather extensive use of liquid SOg for bringiiv ^ 
calcium bisulphite liquor (for the manufacture of wood-pulp 
up to strength has very much decreased, since the actone 
hLe improved their plant for the direct preparation of stron 

Acco!dinr to Kdclenau,’ liquid sulphur dioxide is em| 
ployed in the refining of petroleum. It dissolves the nonj 
saturat’d hydrocarbons which cause the bad burn ng or thj 
haracteristic smell of some lighting-oils, and leaves unchang.^, 
he satrated hydrocarbons which are the valuable constituents 
of peXm. Frasch applies spirit of wine to the same pur-l 
pose ■ but sulphur dioxide has over this the twofold ^dvanta e 
Lt it is cheaper and'that it can be completely recovered. The 
prod is mfde clearer by illustrations, and the paper also 
contains practical results, yields, and calculations of ^ 

Galaine and Hulbert'' describe an apparatus for mi. g 
liauid sulphur dioxide with air for disinfecting purposes. 

" ilscher and Glund ^ employ liquid SOg for extracting organic 

..substaiKcJrom waheo ^ producing 4 tons of 

sulphur dioxide per month, for use in 

Olga Niedenfiihr (Ger. Ps. 254044 and 254362) evaporate 
part o( the already liquefied sulphur dioxide, and employs the 

so. .heiy for '"‘P'’- 

the concentrated state. 

1 Bull. Amer. Min. Eng., 19 ' 4 , P- 23 ' 3 - 

2 Comptes rend., 162, 363. 

5 Bcrl. Ber., 1916, p. 1469- 
4 Chem. Zeit., i9'6, 80. 
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/. Draught-pipes and Flues. Removal of 
Flue-dust and otiieI^ Impurities 

The flues conveying the burner-gases from the, kilns into 
the chambers or into the Glover-toners may be constructed of 
brickwork only so far as the gases keep hot enough to pre\^nt 
any moisture condensing—that is, especially in upright flues 
and flue-dust chambers. From this point they must be made 
of cast-iron, and further on, when they have celled down, 
of lead. 

The gas, which goes away red-hot from the burners, must 
vlfecessarily be cooled down to the temperature of the chambers, 
5 o”“6o° ; otherwise the first chamber would be very 
ijil^ckly destroyed. This cooling was formerly effected by 



partly of cast-iron, and, when partially cooled, of lead. Such 
cooling-flues were made up to 300^ft. long. 

The cast-iron pipes are suitably shaper^ as shown in Fig. 
59, in order that the upper half may be replaced independently 
of the Tower, or taken away for cleaning; the latter can also 
be done by means of manholes. For a set of from 12 to 18, 
burners a pi^c of*2 ft. diameter is sufficient ; but they are now 
and then made upwards of 3 ft. in diameter.» Sometimes they 
are lined with fire-bricks, as shown in Fig. 60 ; the cooling in 
this case is very imperfect and the cost higher. Qccasibnally, 
in very large works, square or oblong flues (jf wrought- or cast- 
iron arc Ipund. Brick flues (for perpendicular shafts or for 

E ue-dust chamtjprs) arc made of bricks boiled in tar, and set 
ith tar and sand. Earthenware pipes mostly crack too 
uickly. , 

Perpendicular stacks and pipes act as a,sort of chimney. 
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and they are therefore carried up nearly to the top of the 
chambers where there is n“o Glover tower. These pipes were 
sometimes cooled by water, and even very complicated con¬ 
trivances v.erc met with for this purpose. It has long been 
recogni.sed that the only rat'iorial way of cooling the burner-gas is 
to take away its heat for some useful purpose, and this is done 
alitrost everywhere in the Glover tower (Chapter II, V(jl. II). 

Dust-chambers .—Where the quantity of-flue-dust is very 
large, as is generally the case with arsenical ores, and with scjme 
of the burners for pyrites-smalls, the ordinary dust-chambers, 
which form .simply enlargements of the gas-flue, are not suffi¬ 
cient, and special contrivances must be adopted. This matter 
has been thoroughly worked out in the lead-smelting works 
and other metallurgical establishments, and a large number of 
apparatus have been constructed for this purpose. Many of the 
contrivances employed at lead-works, etc., are unsuitable for 
pyrites, on account of being made of iron. But the general 
principles remain the same: the flue-dust must be made to 
deposit by cooling, by retarding the speed of the gaseous 
current, and by offering to it large surfaces to which it can-* 
attach itself. All these conditions are more or less fulfilled 
by makiijg the gas-flues adequately long and wide, but this is 
not sufficient in many cases, especially for arsenical ores. The 
case is here complicated by the fact that the cooling of the 
gas may be injurious to the chamber-process, and that the 
long flues, especially those carried in a zigzag way or provided 
with “baffle-walls" interfere very seriously with the draught. 
The latter disadvantage has been greatly lessened, since it has 
been recognised that it is unnecessary to carry the gases in 
flues like those sketched in Fig.s. 6i and 62 (in the former 
the diagram may be taktii either as plan ocelevation), where 
the current of gas' is constantly checked by meeting solid 
surfaces, but that the surfaces may be disposed in the direction 
of the‘current itself, where they cause the dust to be deposited 
on them without interfering with the draught. Fig. 63 shows 
how this can be done in such a Way that the flue-dust can be 
removed without interfering with the process. The gases 
arriving through a are, by means of dampers, sent through 
either cl^amber A or B. In the present case, the dampers 
h, b being closed, the gases travel through A. Each chamber 
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is divided into several longitudinal channels by thin partitions 
d, d, made of masonry, fireclay slabs, lead, or other suitable 


Fig. Gl. 



material. The gas thus travels in parallel streams through 



narrow ^channels and the streams collect ^gain into one, issuing 



Fig. 68. 


at e. When cl>amber A is too much choked up by dust, the 
dampers b, b are opened, the dampers c, c are shut, and the 
gases now travel through B, giving an opportunity to ^lean out 
chamber A by means of suitable manholes. 
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In very bad cases, as, for instance, with mechanical dust- 
burners, longitudinal partitions are not sufficient, and real 
baffle-plates must be employed, as shown in Figs. 6i and 62. 

Bauer' ^states that the nine sets of chamb«;rs connected 
with the Freiberg smelting-works (containing thirty lead- 
chambers) possess 26,368 ft. of flues, of 41 sq. ft. section. 
The flue-dust in 1893 contained 1137 kg. silver, i6j6 tons 
lead, and 917 tons arsenic, valued at £11.600. In 1893 
80 per cent', of the dust was recovered, and 20 per cqpt. 
lost. The damages to be paid had diminished from /3050 
to ;Ci8o. In that year, new flues on the Monier-Freudenberg 
system were built for recovering the last 20 per cent, of dust. 
The rate of cooling of the gases was 1" per 27 ft. length in 
closed-in Monicr flues, per 15 ft. in freely exposed Monier 
flues, per lO ft. in leaden flues, and per 19-6 ft. in brick 
flues. 

In 1902 Lunge was informed that the water-covered 
flues had been abandoned at I'reiberg as being too costly, 
and had been replaced by simple lead tunnels. Where the 
heat is too great for the stability of the latter, brick flues aroi 
employed. 

Falding'' describes a dust-catcher, constructed by A. P. 
O’B-ien, of Richmond, Va., on the well-known centrifugal 
principle. It works in connection with the cast-iron,fan of 
the same inventor, described in Chapter II, Vol. II, and receives 
the gas from five Herreshoff §nes-furnaces, retaining 75 per cent, 
of the dust. At the same time it does very efficient service as 
a metre-oven. As shown in Figs. 64 and 65, it consists of a 
tapering, hopper-shaped iron shell, 8 ft. wide in the cylmdrical 
part and 12 ft. high, with a 6-in. opening in the bottom for 
the discharge of flue-dukt. It is lined witli 4-in. firebrick. 
The gas enters thV6ugh the top pipe at a high rate of speed 
from the fan and strikes the cylinder tangentially ; it leaves 
the ap[?aratu« through a central pipe. The gas takes a rotary 
motion and deposits all the heavy dust, which is automatically 
discharged through the 6-in. opening. Six tubular fiitrc-pots 
are arranged in the manner shown, so that they.can be charged 
from the top and discharged sideways. 

' * Jahresber. f. Berg- u. Hiilteirw., 1894, p. 39. 

* Min. Jnd., 9, 623. 
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Morton and the United Alkali Co. (B. P. 17461 of 1906) 
remove flue-dust, e.g. from Herreshoff furnaces, which consists 
chiefly of magnetic oxide of iron, by means of a number of 
plates of magnetic metal, placed side by side in ithe flue, on 
either side of which there is a 'pole of an electro-magnet. 
From time to time the electric current is interrupted, wlfere- 
upon tije dust collected on the plates falls into a hopper bellow. 



Flo. C4. 


khctrical Precipitatio^t of Dust. 

• • 

The first systematic investigation of the influence of electric 
fields on the removal of suspended particles frpm gftses or 
vapours was made in the years 1884-1^86 by Sir Oliver 
Lodge, ajthough isolated, observations of the precipitating 
effect of an electrified insulated wire surrounded by gas con¬ 
taining suspended particles had been made independently, so 
long previously as l82'4, by Hohfield in Leipzig, apd about 
1850 by Guitard in London. 
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Until 1906, practically no serious study of the matter was 
attempted until F. G. Cotticll had occasion to repeat Lodge’s 
work, and applied his methods to the removal of acid mists 
in the contact sulphuric process.' 

The Cottrell system is represented by Huntington, Heberlein 
& Co., and the writer understands that the American agent 
has erected over thirty sets in that country, but in l^ngland 
there appears none yet at work. 

'■ The over-all efficiency is said to have been proved to^be 
99 per cent., and the plant is cheaper than many dust-chambers 
and very much more efficient. 

The gas enters at 500° or thereabouts, and must fall below 
350", especially if moisture be pre.sent. When the current is 
turned off, the dust falls and is easily removed. Mechanical 
pyrites-burners in U.S.A. burning 70 tons of ore per twenty- 
four hours recovered 6 tons of dust per week, the efficiency 
being 98 per cent. 

Heimrod and T.gbert^ give some details regarding the 
efficiency of the above apparatus, stating that the temperature 
of the gases and character of the suspended mattcf are govern-^ 
ing factors. At temperatures of 540° and over, and for the 
removal of dust rather than fume, precipitators of the plate 
typ'* are preferable, in which the gases pass horizontally 
between collecting ."'nd discharge electrodes. With gases 
cooled to about 320' for the removal of fume, the pipe type 
of precipitator is preferable. In a Wisconsin plant for roasting 
zinc-ore, 17,500 cub. ft. of gas per minute is clean.sed at 
about 260° by an installation of two units, each containing 36 
steel pipes as collecting electrodes, 12 in. in diamefer and 
15 ft. high, with discharge electrodes in the form of chains 
arranged axially. The diectrical equipment consists of a 200 
to '65/70/75/80/SJooo volt transformer, and the power con¬ 
sumption is about 18 kilowatts; 7600 lb. of material con¬ 
taining 22 per cent, zinc and 30 percent, sulphur is collected 
every twenty-four-hours. In a precipitator at Baltimore 
working at 590°-76o°, 17,500 cuh ft. of gas per pinute at 
590“ is treated, and 900 to 1200 lb. of dust per day is 

' Chem. Age, 5, 592. 

® Cherit. and Met. Eng., I918, 19, 309-314; /. Soc. Chem. Ind., 1918, 
p; 729A. 
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obtained from the roasting of 40 to 50 tons of pyrites. The • 
installation is made in two sections, each of which may be 
shut off by dampers. The electrodes are heavy steel platc.s, 
suitably reinfprced, suspended, and insulated, and e voltage of 
about 50,000 vo*lts is used, the ^ower consumed being not 
over 2 kilowatts. * 

A rjodified arrangement of the Cottrell precipitator is^ the 
one which has ^jeen developed by R. B. Rathbun, of the 
Aijierican Smelting and Refining Co. The malti feature of 
this is the use of sheets of iron screen instead of the iron plates 
of the Cottrell precipitator. These screens have diamond-, 
shaped or square meshes of about 2 in. wide, and are placed 
transversely to the direction of the flow of the gases and 
parallel to each other, having intervening spaces of about 6 in. 
between the adjacent screens. 

The advantage of the screen type of apparatus is that the 
grounded electrodes are placed transversely to the direction of 
the gas flow instead of parallel, and the screens themselves, 
without asy electrical equipment, are of a form adapted for the 
^precipitation of dust. 

While the screens are being shaken for the removal of the 
dust adhering thereto, the gases are turned kito ai^other flue. 

So far, this apparatus has only been used for the removal of 
dust from lead-smelting furnaces, and hai not yet been used on 
the gases emanating from pyrites burners. 

Efficiency tests on the plate type of precipitator are given 
by A. W. Fairlie :—' , 


Du*t and elements 

111 the dust. 

Weights precipi¬ 
tated, lbs. 

Percentage 

precipitated. 

— • —. 

Weight nn- 
precipiiaU*d,ll).s. 

Percentage nn- 
pierijiitated 

Dust . . * . 

1700*00 

• 

98-94 

18-25 

I 0^ 

Soluble Iron 

14.45 

83-24 

’ ' 2-95 

I 6*76 

Arsenic . 

70*00 ' 

24*2 I 

218-00* 

75-79 

Lead 

262-00 

81-59 

59 - 00 * 

• 18-41 


* Chem. and Met. Eng., 1921, 25, 864. 

* This *veiglit is evidently Considered to be present in the hot gas as * 
volatilised metallij fume, not as dust. During the above test the amount 
of sulphur burned in the form of pyrites was 56,100 lbs. per day. 

It is interesting to note«that the arsenic was the least efficiently pre¬ 
cipitated, due, no doubt, to the fact that it was present in th^ gas chiefly 
as uiKondensed fume, aiyl not as dust. 
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The partial analysis of the precipitated dust was as follows 


Sulphur . . . 

4-17 per cent. 

Soluble Iron . 

■85 

Lead 

• 15-40 

Arsenic . . ( • 

• 4-11 

Acidity . 

• 5-98 

'I'otal 

■ 30-51 


?’he remainder was assumed to be chiefly oxiae of iron. 

L. B. Skinner’ .states that; “ The Cottrell process has faifed 
to work satisfactorily under very severe practical conditions 
of acid plants where it has been tried on plants using fine 
concentrates.” 

Precipitation of du.st or other impurities from vapours by 
means of high tension, direct or alternating currents, is described 
by F. Schultz (Ger. P. 312049 of 1918)," the apparatus 
being provided with tubular electrodes composed of non-con¬ 
ducting material, the appropriate surfaces of which are made 
conducting by means of a layer of metal; the tubes should 
be made of materials possessing different di-electrip constant.^ 
that of the inner being the greater. The outer electrode tube, 
through which the gas is passed, is vertical, and the inner tube 
is suspended in this with its axis horizontal. It may be 
desirable to use two or more of the.se .short inner electrodes. 

Another device for the precipitation of solids electriJally is 
patented by Bradley (U.S. P. 1284175),” who describes an 
apparatus for the precipitation of the solid particles from ga.ses 
containing SOj and sulphuric acid, consisting of two electrical 
precipitators arranged' in series in the line of the flow*of the 
gas, and between them a heat-interchanger by means of which 
the precipitation may be carried out either above o'> below the 
coridensing temperature of sulphuric acid. 

An apparatus for the electrical precipitation of su.spended 
matter in gas’ consists of (A) an electrode frame arranged between 

' Chem. and Met Kng., 1918, 18, 82-85 ; /. i'or. Chan. Ind., 1918, 

• p, 147A. 

® J. Sac. Chem. Ind., 1919, p. 752A. 

^ J. Soc. Chem. Ind., 1919, p. 7 4A. 

* A. F. Nesbit, Assr. to International Precipitation Co. (U.S. P. (A) 
1356462, 19/10/20, (B) 1357201, and (C) 1357202, 26/10/20 appl., 
(^, B) 17/11/14, (C).i6/5/i5). 
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spaced plate-like receiving electrodes forming a gas passage. 
A series of parallel, flexible discharge members extending longi¬ 
tudinally through the passage are held rigidly by the frame. 
(B) The discharge .system of opposing electrode sy,ptems com¬ 
prises a number <)f wires arranged «spirally in 'the direction of 
the length of the system, each wire having its axis out of'the 
axis of^syminetry of the opposing electrode system, whereby an 
unsymmetrical field is produced in the various cross-sections of 
the system, through which the fluid stream tefids to flow^ 
spirally. (C) The discharge .system of opposing electrode 
systems comprises a frame carrying rigidly a number of electrode 
elements arranged parallel to one another and to one side of 
the frame. 

A very interesting article on the removal of dust from gases 
is given in the J. Soc. Chcni. hid., 1922, p. 2 it et scq., to 
which the reader is referred. 


Other Methods of removing Dust. 

s • 

^ Shields(B. Ps. 163 5 3and i6354of 1904; Ger.Ps. 180070 and 
180071) conducts the burner-gases beneath or into a constantly 
replenished heap of porous or granular materiaj, such as coke, 
crushed slag, or the like, which, as it collects the dust* is drj.wn 
away from the bottom of the heap by a coijveycr, and is elevated 
to pass mto a separator for the removal of the dust, and then 
restored through a funnel hopper in a clean, hot state to the 
top of the heap. The receptacle for the filtering material is of 
conical shape, with its apex downwards, and ^bout the centre of 
the heaj) the gases are passed in througff a pipe immediately 
under a horizontal disc, beneath which a cavity is thus main-, 
tained. Another, form of apparatus'is also shown, in which 
the filtering material descends slowly betwaen sets of inclined 
shelves arranged in a cylindrical or rectangular form. , 
Cellarius (B. P. 22080 of 1905) purifies the burnet-gases 
from dust and from nitrous oxides by prodi*:ing in them, both 
before entering and after,leaving the chambers, a whirling 
motion and throvving them against a damp clay wall, or against 
damp coke. 

The sarfie inventor T^Ger. P. 263941) obtains stpam for 
workipg purpo.ses by utilising the heat of the,gases of pyrites. 
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and blende-burners. In the gas-flue a closed vessel is placed 
into which, from outside, water is sprayed by means of a spray- 
producer, the steam thereby formed being carried away by a 
pipe from the top of that vessel. Two or more such vessels 
may be placed iri the flue, the steam-pipes of which are con¬ 
nected with a common collector. Behind these vessels another 
vessel may be placed, into which no water is sprayed, for the 
purpose of superheating the vapour passing through it. The 
vessels may consist of cast-iron, with a suitable lining and a 
layer of fireclay lumps at the bottom. By this means the steam 
for producing the power required for driving the mechanical 
burners, fan-blasts, air-compressors, etc., may be partially or 
entirely obtained. 

Gayer and Witter (Ger. P. 227387) employ a box with a 
horizontal shaft, provided with beating-arms, revolving several 
hundred times per minute, and moistened by water-sprays. 
The beaters are placed on the shaft in a screw-line. The 
gases enter at the bottom and go out at the top. 

Heipe (Ger. P. 230182) arranges in the du.st-chamber 
slanting plates, reaching a little' more than half way through^ 
and leaving a distance of 3 or 4 mm. from the side free for a 
small portion of the gases to pass through, so that whirls are 
foriped. 

Krowatschek (Gen P. appl. K45381 of 1911) describes a 
very similar arrangement. 

Howard (Amer. P. 896111 ; re-issue 8th March and 13th 
September 1910 ; this patent is held by the General Chemical 
Co. of New York) describes a dust-separator containing a great 
number of horizontal steel plates between which the gases 
pass from one side to the other. It is shown in Fig. 66, and 
consists of: A, brick 'entrance flue; B, cast-iron damper, 
operated from wiP.iout by winches; C, cast-iron ring-plate 
ove.r which B closes; D, vestibule from which the gas enters 
betweth the horizontal steel plates E, 2J in. apart from one 
another, and gets, into space F. They strike against the 
baffle-wall G, and leave through the flue H, covered by the 
cast-iron plate 1 , provided with an opening for the damper J ; 
K is the outlet; L, cleaning-holes with covers. The outside 
brick r\talls are 19 in. thick, with a i-in. insufating space. 
The interior wallp are 12-in. red brick. , 
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The velocity of the gas in passing between'the steel plates 
is checked by the large area of croSs-section, and, since these 
plates are only 21 in. apart, each dust particle needs to fall 
only 2h in. ^(instead of 6 or 8 ft. as in the old-fashioned 
practice) before ffnding a surface to which it adheres. Under 
ordinary circumstances the plates need not be cleaned any 
oftener.than once in thirty or forty days. For that purpose 



the covers arc removed from the cleaning-holes L, and the dust. 
is taken out* • * 

These separators are made for a cap^efty of 24,000 to 
60,000 lb. of ore per day in two compartments, or from 
72,000 to 80.000 lb. in four compartments. There a?e five 
sizes, with from 6540 to 18,700 superficial* ft. of plate area, 
and a vertical height of from 27 to 31 ft.; ground space 
required, 17 to ji X 27 ft. 

Huntington, Heberlein & Co., Ltd.’s patent dust-catcher 
consists of a* brick chamber supported on cither brick piers or 
cast-iipn columns. The chamber is supported on a strong 

• • • ^ r- " . 
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R.SJ. frame, to which the discharge hoppers are fixed, and 
is divided by a partition wall into two or three compartments ; 
according to capacity of furnace installation, either of them can 
be cut off (or cleaning purposes, so that the working of the 
plant is not interrupted. 

Each compartment is provided with the necessary C.I. 
dampers, discharge arresting-gear, charging and discharging 
hoppers, etc. The compartments are filled in with broken 
'bricks or burned pyrites lumps. The working of the dust- 
catcher is simple, and requires little attention beyond the 
changing of the filter media. 

Benker and Hartmann (Fr. P. 387456) also pass the burner- 
gases horizontally through vertical filters compo,sed of pieces 
of firebricks or stones, contained between vertical perforated 
walks. The bottom of the filtering column rests on a vertical 
rotating roller, which continually carries away a small quantity 
of the filtering-material to a rotating drum, in which it is 
deprived of the dust with which it is laden. It then falls into 
a receptacle, from which a conveyer returns it to the top of the 
filtering-column. 

Scherfenberg and Prager (Ger. P. 203948) employ dust- 
chambers with baffling-walls, all inner surfaces being 
cor.'-ugated. 

Brandenburg ' dc.''cribes a centrifugal dust-catcher similar to 
those which have been found very efficient in connection with 
blast-furnaces. 

Wright^ found,,that the gases from mechanical dust-burncr.s, 
after they had traversed a small dust-chamber with a velocity 
of I ft. per second, still contained 0'28 gram dust pfcr cubic 
metre; and, after passing through a washing-tower and a long 
tube, still o-i I gram. 

The Metallic ’ Compounds Separation Syndicate (Ger. P. 
15,3641) combine a number of burners with a common chamber, 
in which the dust is precipitated by serpentine channels. 

A very complete plant for purifying burner-gases (from 
mechanical furnaces) from dust is that built by Gilchrist and 
described by Hartmann and Benker in Z. ang^iv. Chem., igo6, 
p. 1188 et seq. 

' Z. angew. Chem., 1909, pp. 2490-2492. 

2 Eing. and Min. J., 1910, p. iii. 
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The Metallbank und Metallurgische Gesellschaft A.-G. (Fr. 
P. 456524) employ for the filtratton of burner-gases, etc., an 
acid-proof material, prepared by gradually heating cotton tissue, 
weighing 359 grams per superficial metre, in closal ves,sels to 
300’ to 350° for'some minutes, or*to 200 ’ to 250’ for several 
days, and subsequently cooling. The tissue loses 68 to ytf per 
cent, oj its weight, and its tensile strength falls from 230Q kg. 
to 30 to 35 kg. j)er metre, but this still leaves sufficient flexi¬ 
bility to the fibre. The carbonised product contains considc* 
abfe proportions of chemically combined hydrogen and oxygen, 
and is a good conductor for electricity. 

Else Heine (Gcr. P. 280088) passes the gases through the 
mi.xing tuyere of a steam- or water-spray-producer, whereby 
the solid particles arc moistened and partly compressed, partly 
torn up ; on the water-spray striking against a wall, they 
adhere to this, or are taken away by the water running out. 
Pehind this wall a contrivance for separating liquids may be 
placed. 

The Gswerkschaft Messel, Adolf Spiegel und PauUMcltzer 
ffer. P. 26041 5), pass the gase's through wires, extended between 
the two perforated ends of a cylinder, revolving in a fixed case. 
At the gas-outlet of the non-perforated part»of thg cylinder 
bottom a revolving fan produces between the casing and*the 
revolving cylinder a plus-pressure, thus oompelling the gas to 
travel through the wires. 

Reichling (Gcr. P. 279819) describes an apparatus for 
separating solid and liquid particles from gases and vapours, 
containing adjustabledongitudinal partitiems. n 

Moo’re (U.S. P. 1184006) filters the gases through a series 
of fabrics which are periodically cleared of dust; the last • 
filtering-fabfic is allowed to remain filled with dust, wherry 
the last traces of dust are removed from th? gases. 

Brunner & Co. (Ger. P. 269539) remove liquids from gases 
and vapours by passing them through a series of rads. 

Herreshofif (Ger. P. 143740 of the ‘Nichols Chemical 
Company„New Yerk) prevssnts the carrying away of ore-dust 
by the gases in,mechanical pyrites-burners by making the ore 
descend from one stage to another through special openings, 
separately from those serving for the gases, or by mechanically- 

move4 sliding laths. • • 

• • * 
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_ Liitgens (Ger. P, 255535) provides the flue-dust chambers 
with filters made of perforated tubes, open at both sides, and 
lateral gas inlets and outlets. The perforated tubes are sus¬ 
pended from the roof of the chamber, and are accessible to the 
gases on all sides. If their perforations are blocked up, so 
that the draught is interfered with, the gases can take their 
way, from below through the tubes, at whose walls sopic dust- 
always adheres. 

Asbrand'fGcr. P. 243787) describes a centrifugal apparatus 
for the removal of flue-dust. ' 

Other patents in this direction; Beth (Ger. P. 245569); 
Michaelis (Ger. P. 244206); Maschiiienfabrik Buckau (Ger. p! 
245319); Gerdts and Strauch (Ger. P. 257368); C. S. Watson 
(B. P. 17384, 1912); Neumark (Ger. P. 263285); Grcding 
(Ger. P. 263201); Puning(Gcr. P. 262882); A. Miillcr (Ger. 
Ps. 216483, 265638); Kinschner (Ger. P. 268880); Krowa- 
tsehek (Ger. P. appl. K45381); Wedge (B. P. 16617, 1915); 
Aicher (Ger. P. 289569) ; Ege.storffs Salzwerkc (Ger. P. 
70396); Vadner(U.S. P. ii 10660); Hommel <vid Durant 
(B. P. 28611 of 1909); Reh'mann and Mirbtch (Ger. J). 
292004). 

The nirification of Burner-gases from Liquid and Caseous 
Contaminations. 

This is very necessary where the gases arc to serve for the 
manufacture of SO3 by contact-processes, but in this chapter 
we only treat of the purification of burner-gases for ordinary 
purpo.ses (lead-clvimbcrs, manufacture of liquid sulphur dioxide, 
of sulphites, etc.). The mechanical impurities are frequently 
mentioned in other places, especially in connection with the 
Glover tower, and are de'alt with, in the first instaftce, by dust- 
chambers (p. 440). ‘ But for some purposes this is not sufficient, 
and, moreover, a chemical purification is necessary for various 
uses of ths burner-gases. The Metallurgische Gesellschaft, 
Frankfort (Ger. P.«i6ioi7), de.scribe a proce.ss for the uninter¬ 
rupted simultaneous mechanical and chemical purification and 
cooling of burner-gases. They employ a .water-fed tower, 
provided with inside shelves, with a vessel placed about mid¬ 
ways, where there is not yet much sulphuric acid'dissolved in 
th? water run in,at the top. Up to that point the water has 
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principally performed a cooling action and a mechanical puri¬ 
fication upon the gases ; it runs out from the above-mentioned 
vessel through an overflow, and part of it, after cooling, is used 
over again iji the upper part of the tower, another portion 
being sprayed into the lower part, tor the purpose of chemical 
purification of the gas. The quantity of water used here is 
regulated in such manner that it comes to about 70°, at v^ltich 
temperature it ^ibsorbs hardly any SOj, and carries away 
merely sulphuric acid and ferric-oxide mud. * ** 

The Tentelewsche Chemische Fabrik (Ger. P. 194176) 
purifies the burner-gases from chlorine, etc., by first applying a 
dust-chamber and a water-cooler, then taking out the sulphuric- 
acid fog and the last portions of dust by a coke filter,' and 
ultimately removing the chlorine by a solution of alkali or 
milk of lime. 

The same firm (Fr. P. 431067) purifies gases from pyrites- 
burners as follows. A circular tower, built in .sections, is sur¬ 
rounded by an annular space for cooling-water, which connects 
with hollc*v vertical partitions crossing each section, tl»e whole 
lieing built’of lead and supported over a circular tiough in 
which it is scaled by sulphuric acid. The gases from the 
burners enter from tRe top and leave at the bottom,^whilst the 
cooling-water passes in the opposite direction through# the 
cylindrical jacket and the hollow partitions. The burner-gases 
can be cooled from 500° to the ordinary temperature, and all 
the sulphuric-acid fog they contain ^separated as a liquid. The 
lid of the apparatus is removable, and (»sy access is thus 
afforded for cleaning, which, however, is only.necessary at long 
intervafs. 

Sulphur dioxide gases for the manufacture of wood-pulp» 
ought to b8 as fi€e as possible, not merely from flue-dust but 
also from sulphuric acid (or sulphur trioxidc). For this purpose 
dust-chambers must be provided ; the gas must also be cooled, 
e.g. by perpendicular cast-iron pipe?, 2 ft. 6 hi. diameter, 
running up for a height of 50 or 60 ft. aifd down again. A 
more effi(;ient removal of*the SO3 and F12S04 is effected by 
the apparatus N6rrrethy (Ger. P. 48285 of 1889), in which 
the gases from the burner pass through a large box containing 
iron borings, etc., before entering the cooling-apparatua. 

• ^ 1 Ger. F. 230585. 
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Collett and Eckardt (Ger. P. 244841) purify the burner- 
gases, after properly rcgiriating their oxygen contents, by 
allowing them to act upon ammonium sulphite at a higher 
temperaturei whereby all the ammonium sulphite can be trans¬ 
formed into practically pure sulphate. 

Projahn (Ger. P. 221847) purifies burner-gases from arsenic 
by passing them at a high temperature over a porous mass of 
aluminium sulphate, as it is obtained by heating such sulphate 
fontaining water. This mass is placed behind the pyrites-,or 
blende-roasters, and retains not merely arsenic, but also selenium 
and flue-dust, practically at no expense. 

Herreshoff and the General Chemical Co. (Amer. P. 969868) 
cool and purify pyrites burner-gases by producing between the 
wall and the gases a pellicle of liquid which also protects the 
metallic walls against destruction. 

Duron (B. P. 9869 of 1910) first takes out the coarsest im¬ 
purities, especially Fe and As, by filtration through a suitable 
substance containing ferric sulphate, cooling down in the mean¬ 
time, then heating and cooling with sprayed sulphuric acid of 
about 30° Rd., then passing upwards through a' scrubbingr 
tower sprinkled with water, then through filter-chambers 
charged w.ith inert materials, and then raising to the tempera¬ 
turei required for the lead-chamber or the contact-process by 
means of a heater arranged within the ordinary purifier and 
heated by the hot gases to be purified. 

Moore' describes the system of Messrs Simon Carves: 
“ The gases from the burners are led into the dust-chamber, 
where a preliminary settling is effected. They afterwards pass 
to the wash-tower (instead of the Glover tower), where the 
-dust is removed, together with most of the arsenic, by a copious 
flood of acid. By this rneans they arc cooled dottn to little 
above atmospheric lemperature. P'inal cooling, necessary for 
the .elimination of arsenic, takes place in the filters placed in 
the open air. These arfe small leaden chambers packed with 
selected coke. Tlte gas, now perfectly clean, only requires 
heating to be ready for the chambel'-process/ Heat exchange 
is effected by passing it back through the dust-chamber in 
contact with the hot gases from the burners, after which it 
traverses a gas heater, where a temperature of 35o‘'-400° is 
’-/. Soc. Chem. Ind., 1918, p. 69T. 
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imparted to it by a coke-fire. In a works where waste gas is 
available this operation is most conveniently and economically 
conducted by that agency, the need of a fireman being dis¬ 
pensed with. ^ The hot gas now enters the potting-gven, similar 
in most respects to established praitice. From this point the 
course through the Glover, chambers, and Gay-Lussac towers 
is precisely similar to other chamber plants, but the gas pos- 
se.sses the great advantage of being absolutely free from dust.” 

^Girod ( 15 . P. 17157 of 1910) removes arsenic, etc., 
thorough filtration of the gases between the burners and the 
Glover through several boxes, packed with granite, or lava, or 
other acid-resisting materials in pieces of various degrees of 
fineness, and then passing the gases through washing-towers 
fed with sulphuric acid of 30° to 40° B6. The nitrous vitriol 
coming from the Glover tower is treated with nitric acid, in 
order to oxidise the arsenious acid to arsenic acid which is 
partly retained in the Glover, and completely in washing- 
towers following upon this. The acid from the latter goes 
through tjie Glover. 

^ Herrestioff (Amer. P.s. 946595 and 940596) passes burner- 
gases through scrubbing-tower-s, sprayed with weak acid con¬ 
taining SOj, and then through filters. , 

The same inventor (U.S. P. ii 13437) washes flie burncr- 
ga.ses by means of sulphuric acid and, rapidly cooling from 
93“ to 38^ and removing the condensate formed. 

Reese (Amer. P. 989801) cools the ga.sc.s, .scrubs them with 
sulphuric acid, and passes them through a dry lime filter. 

The Graflich von, Landsberg-Velen und Gemen.sche Che- 
misch 5 Fabrik (Ger. P. 256237) pass'the burner-ga.scs first 
through a dry filter, then through a denitrating Glover tower 
and through a ^eries of wash-toweiw, fed with acid as free as 
possible from arsenic. That acid, after*h^iving taken up a 
sufficient quantity of impurities, is employed for feeding the 
Glover tower. The dry filter has a .slanting bottom »n which 
the granular filtering material slides forward ; the gases pass 
into it from below and frem the side. 

Boubon (B. P. 15209 of 1911) passes the gases under 
pressure into a revolving cylinder, containing plates at whose 
circumfere'nce they e.sdape through hole.s. The dust is here 
wasjjed out by water or some other liquid. ^ , 
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Liebrccht (Ger. P. 265584) passes the gases through pieces 
formed from crystalline materials, together with steam. 

Fr. Curtius & Co. (Ger. P. appi. C23027) wash and filter the 
gases in tgwers, regulating their temperature in such a way 
that they take up a quantity of water or acid, sulificient for 
dissolving the impurities or keeping them in suspension, before 
they get on to the dry filter. This filter may be fillgd with 
cylinders, rhomboedcr.s, balls, pebbles, lumps of fireclay, or left 
quite empty', it need not be sprinkled with water. Sometime.^ 
it is useful to employ a second filter with a finely grained 
filling. 

Fluorine may get into gases through the presence of fluor¬ 
spar in the pyrites, and may do damage to the towers and 
chambers. Klencke (Fr. P. 408417) removes it by treating 
the ga.scs with denitrated sulphuric acid in an empty tower, 
and afterwards by nitrous vitriol in another tower fitted with 
perforated lead shelves.’ 

Selenium was formerly considered as a non-c.ssential impurity 
of sulphuric acid, on account of its small quantity,,, Kla.son 
and Mcllquist,’ however, state that selenium not merely causes 
the red coloration of Glover- and chamber-acid, but acts in a 
much more serious way in the manufacture of sulphite cellulose, 
as has been manifested in the application of Falun pyrites. 
As little as I mg. sclijnium per litre of acid may, by catalytic 
action, completely convert the SOj into H^SOj and S.® 
Tellurium acts in a similar way, but hardly comes into 
question, owing to the high boiling-point of the free metal 
and its oxides. This injurious action of the P'alun pyrites 
has caused some of t‘ue Swedish sulphite-cellulose maRers to 

abandon it in favour of Sicilian brimstone. 

« 

Klason and Mellquist' remove the sclcnjum b./ a tight 
filWti, made of asbestos and the like, and recover it from this 
by heating or by means of a solvent. 

SubKmed, sulphur contained in burner-gases is removed, 
according to H. II,, Niedenfiihr’s Ger. P. 249330, by passing 
the gases, together with an excess of heated, air, through hot 

' See Chapter 11 . 

^ Papier-/eit., 1912, p 767. 

^ This reaction is claimed by P. C. Haesler .as a new method for pro- 
iduging sulphuric acid {cf. Chapter VI, Vol. II). 
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metallic pipes. It is also sugge.sted to construct the grates 
of the pyrites-burners of pipes through which the mixture 
of burner-gases and air is passed. 

• 

* • t • 

/. Composition ok the Burner-gas • 

I. Cvnposition of the Burner-gas from Burning Brimston^. 

Atmospheric 'JUr contains, roughly speaking, 2i«pcr cent, bjj- 
volume of oxygen, and 79 per cent, nitrogen or other inert 
gas. If it were possible to convert all the oxygen into sulphur' 
dioxide, the volume would not be changed, since i mol. Oj 
furnishes i mol. SOj. 

In the case of making sulphur dioxide for the manufacture 
of wood-pulp, we want to render it as free as possible from un¬ 
combined oxygen. But for the manufacture of sulphuric acid 
we must introduce into the burner sufficient oxygen for the 
subsequent formation of sulphuric acid, and a certain excess 
is practically necessary in the process. For the former object 
we must at*qnce increase the axygen by 50 per cent., as aSOj 
rc*lquire Oj for the formation of SO^, and the theoretical maxi¬ 
mum of SO2 in the burner-gas would therefore^be 14 percent., 
together with 7 per cent, oxygen and 79 per cent.*nitrogen. 
Practically we must have an excess of oxygen equal to 5 per 
cent, of"the exit-gases from the system, together with 95 per 
cent. N. 

If we call the unknown volume in the burner-gas of this 

79 * 

excess oxygen = a-, it mfist carry along -- x fols. N. To this 

are added 79 vols. N, entering together with the 21 vols. O 
required forjbrmiq^ 14 vols. of SO2 iJnd converting them into 
SOg. The volume of the total N and of itht; excess oxygSh 
required in practice for each 14 vols. of SOj introduced into 
the chambers thus amounts to . • 
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From this follows; 


U i6 
■ -.1' or . .1 = 


79 

20 


21 

20 X l6 


= 5-18 vols.; ' 


that is, besides the theoretical quantities of gas mentioned 
aba”c, another 5-18 vols. of oxygen, along with the corpespond- 


•ing 5-18 19-50 V0I.S. of nitrogen, are necessary. The 

gaseous mixture formed in the sulphur-burner accordingly 
ought to contain upon each 


14 vols. of .SO,„ 
7 + 5 .i 8 =i 2 .i 8 „ O," 

ami 79 + 19.50 = 98-50 „ N. 


[24-68 vols. 


From this the following composition for 1 1 . of this gaseous 
mixture is computed : 

0-1123 litre SO2 

' 0-0977 0 

0-7900 „ N 


i-oooo ,, 

That is to say : The normal quantity of SOj in burner-gas from 
briiustone-burners is 11 • 2 3 per cent, by volume. 

This normal quantity can be attained by proper care, but is 
very rarely reached in practice. 


2. Composition of the Burner-gas from Burning Pyrites. 

4 ^ 

The proportion of air required in this case differs very much 
from the preceding. We shall calculate this for pure iron 
disulphide. This body 'consists of 46-66 /per c*it. Fe and 
53'33 per cent. S.*- 

• Although in the combustion of dense pyrites sometimes the 
iron is not all oxidi.sed “up to Fe^Os, ^ magnetic oxide, 
FcjOi, is formed, te must suppose the complete conversion of 
iron into Fc^Os as the normal state'to be aimed at fqr complete 
utilisation of the sulphur. Consequently 2 mpls. or 240 parts 
of FeS2 require 3 atoms = 48 parts O for oxidising the iron, 
and another 8 atoms = 128 parts 0 for burning the S into SOj- 
Altogether ii atoms =176 parts oxygen are necessary for 
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burning, and another 4 atoms of oxygen = 64 parts for changing 
the formed 4 mols. = 256 parts of SOj into SO3. From this 
we calculate that for each thousand parts of FeSj, 

200 parts oxygen are required for oxidising the iron* 

533J I, „ * forming SCT^, 

266j „ „ „ oxidising this to SO3. • 

4000 „ in ali. ^ 

Now, here alsj) an excess of oxygen must be used, even 
larger than in the case of brimstone, which we will assume tT 
amount to 6*4 per cent, by volume in the gas leaving the 
chambers. If we call the unknown volume of oxygen in excc.ss 
to be introduced for each kilogram of S employed as FeSj, 

79 

X litre, the volume of nitrogen accompanying it is - x litre. 

21 

Both together and the 4933'3 1 . N, introduced along with the 
O requisite for combustion and formation of SO3, form the 
gaseous mi.xturc escaping at the end, the volume of which is 
therefore 


• 79 100 

. 4933’3 X-!'+ «■ = 4933-3 + —* 

21 21 

As X is of this volume, we have 


too 


6-4 


4933-3 + 


.t = 454-i. 


Accordingly, for each kilogram* of S burnt as FeS2, apart 
from the theoretical 6244-7 1. air, another 454-1 1. o.xygen, 

together with = 1708-4 1. nitrogen—that is, 2162-5 1. 

air—altoge^cr 8.^07-2 1. air at o°*and 760 mm. pressure, 
have to be introduced. » • 

Now, each kilogram of free sulphur (brimstone) requjres 
6199 1. air at 0° and 760 mm.; -consequently a A:ertain 
quantity of sulphur, burnt as FeSj, requires 


• 8407*2 

• -= 1-356 tunes 

, 6199 

as much air as if burnt in the free state. 

This is not quite the proportion of the gas ^zs tt enters the 

chambers. For on burning FeSj a portion of the oxygen • 

• • • 
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remains behind with the iron, whilst on burning brimstone the 
whole quantity of air gets into the chambers, and at equal 
temperature and pressure retains its volume, since oxygen on 
combining .with S to SOj does not change its volume. 

The 8407'2'1. air entering the burner for each kilogram of 
suljrhur burnt as FeSj produce the following quantities of gas, 
calculated for o° and 760 mm.:— p 

699-4 I. SOj generated from the same volumcjof 0 , 

‘ 349'7 Vi 0 required for transforming SO^ into SO3, 

454-1 „ O as excess, 

4933"3 » N accompanying the theoretically necessary oxygen, 

1708-4 „N „ „ excess of oxygen. 

8144-9 „ containing 699-4 1 . SO,, 

830-9 „ O, ' 

6641-7 „ N. 

8144-9 

For a certain quantity of sulphur, burnt as FeS„, 

times = 1-314 times as much gas must enter the chambers as 
if the sulphur were burnt in the free state. 

Comequently, in the case of burning pyrites, 100 aols. of the 
normal gaseous mixture on entering the chamber ought to consist ff 

8- 59 vols. SO.^, 

9- 87 „ 0, 

81-54 „ N. 

In most factories ■ the sulphur dioxide is much below 8-59 
per cent, sometimes not above 6 per cent, of the volume of 
the gas. In that case correspondingly less acid is made in the 
same chamber-space, unless the formation of sulphuric acid is 
increased by a larger consumption of nitre. We shall return 
to this subject in Chapter III, Vol. II. 

Sulphur Dioxide for manufacturing Calcium Bisulphite {in 
the manufacture of Wood-pulp, etc). —In tivis ca 5 e the con¬ 
ditions are different from those just described. There is no 
question of having to provide the oxygen for forming H2SO4 
from SOj and the excesii of oxygen practically necessary in the 
lead-chambers ; anti the formation of SO3 in the burners should 
be avoided as much as possible. The operation should be con¬ 
ducted so as to exceed as little as possible the amount of oxygen 
demanded by the equation 2 FeS^ -1-110 = Fe^Oa -F 4SO2, which 
corresponds to a theoretical maximum of 16 per cent. SO2 by 
v-olume in the burner-gas. Practically, ^however, 11 per- cent. 
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should not be exceeded, because otherwise the burners get too 
hot, which causes the sublimation oS sulphur and the formation 
of scoria in the burners. 

Harpf ^ gives some calculations referring to this .‘^ecial case, 
containing nothing of importance. • • 

• 

3.. Comparison of Brimstone and Pyrites as Material , 
for tfie Manufacture of Sulphuric, etc. 

# I# 

»We have seen above that the burner-gas from brimstone is 
richer than that from pyrites in the proportion of i : 1-3 14; 
that is to say, under equal conditions, the gas generated in 
burning pyrites occupies 1-3 14 times as much space as if the 
same quantity of sulphur had been employed as brimstone. 
From this it directly follows that the gas will also require 
much more chamber-space ; thus, for an equal production of 
sulphuric acid, the chambers must be about one-third larger if 
working with pyrites than if working with brimstone, Usually 
it is a.ssumed that the consumption of nitre has to be increased 
in a simildt ratio ; this, howevjjr, is not the case, as a jlroperly 
cftnstructed Gay-Lussac tower retains almost the whole of the 
nitre-gas, and the excess volume of air is not of great 
importance. ' » 

Leaving the nitre out of consideration, the advantages of 
using brimstone are;—A somewhat higher yield of acid ; ^ 
rather smaller cost of plant, and less trouble with the burners 
if anything goes wrong ; and, abov? all, much greater purity of 
the sulphuric acid, especially from iron and'‘arsenic (this is im- 
portantionly for sale acid, not for use in »mailure-works, alkali- 
works, etc.).’® If brimstone could be had at the same price as 
the sulphur^in pyrites, nobody would .hesitate for a moment to ’ 
employ the formei'*; and even a moderately^ bjgher price 
not deter from this. 

The manufacture of acid from brimstone in Europp, uVitil 
recently, was confined to small factories producing a specially 
pure article. A number of manufacturers now find the use of 

1 Wochenbl. fiir Papierfabr., Biberach, 1901, Nos. 23, 25, and 27. 

2 See Chapter \\ 

3 Steele (y. Soc. Chem. Ind., 1910, p. 1142) found in a brimstone- 
burner a deposit of cr)'stallised arsenic sulphate, which, however, will be 
quite an exceptional case. 
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brimstone more profitable than pyrites as the source of sulphur. 
But it should be noticed that sometimes acid is sold in England 
as " brimstone acid,” which is in reality made from pyrites and 
purified frc^m arsenic, or else acid made from spent oxide of 
gasworks, which is also practically free from arsenic. 

•It is frequently asserted that sulphuric-acid chambers worked 
with brimstone last very much longer than with pyrite,s. It is 
not' impossible that there is some difference in this respect; 
ibut even this is not certain, and at all events the difference 
in the life of the chambers is nothing like so great as was 
formerly supposed, and forms no item in the comparison of 
costs.' 


4. Composition of the Gas from Blende-furnaces. 


For burner-gas from sinc-blendc the following calculation 
has been made by Ilasenclever'Zinc-blende (in the pure 
state), ZnS, consists of 65 parts Zn-t-32 parts S. For burn¬ 
ing it into ZnO -f SOj, 3 X 16 = 48 parts 0 are required, for 
converting the SOj into SO3 another 16 0 ; therefore for 97 
ZnS, containing 32 S, altogether 64 0 . This- means th^t 
each kilogram S in zinc-blende requires 2 kg. O, or 1398-7 
1. at 0“ and 7,60 mm., together with 5258-0 1. nitrogen = 
6656 1 . a'lr. In order to make allowance for the 6-4 vols. per 
cent, of oxygen required to be in excess in the exit-gas, we 
find this by the formula: 


6-4 


o 100 

52 58 + _.-« 


« ='484,0 1. oxygen, corresponding to 
1820-7 „ nitrogen 

2304-7 n air. 

» Consequently -tlif normal gaseous mixture in roasting i kg. 
blende consists of: 


6^’9-4 SO.^, ' 

349-7 „ 0 for|prming SO^, 

484.0 „ O in excess, 

5288-0 „ N entering with the theoretically necessary oxygen, 
1820-7 „ N „ „ excess oxygen. 

8641-8 „ of gases. 

1 Cf (Chapter I, Vol. II. 


" Chem. Ind., 18S4, p. 7^. 



• • COMPOSITION OF THE BURNER-GAS 


463 


This means that lOO vols. of the gas should contain : 

8 - 1 2 vols. SCTj, 

9 - 69 „ O, 

82.19 N- 

* • « 

So far, as we see from Hasenclever’s calculation, theory 
would show that the strongest obtainable burner-gas from 
blende 4 s not much inferior to that obtainable from pyytes 

458). But aj^rt from the fact that here, as well as in the 
ca.s| of pyrites and to some extent even of brTmstone, th? 
theoretical figures are undoubtedly interfered with by the 
formation of sulphuric anhydride, there is, at least in the case 
of all the older blende furnaces, a far more potent reason why 
the practical percentage of SO2 in blende-gases should be far 
below the theoretical one. Seeing that in those older furnaces 
only half, or at most two-thirds, of the sulphur was liberated 
as SO2 [and SO3], that the other half or third remained 
behind m the state of ZnSO^, and that the nitrogen correspond¬ 
ing to the four atoms of oxygen contained in ZnSO^ dilutes 
the burneifcgas, it is easily understood why formerly*it was 
cejnsidered ;^ood work if blenefe-gases contained 5, or at most 
6, per cent, of SOj. The modern furnaces (p. 399 et s/g) 
undoubtedly yield better gases, not much inferioj; to the 
Imnier-gas from pyrites. , 

• 

# 

5. Sulphuric Anhydride in Burner-gas. 

In the pyrites-burner, besides* sulphur dioxide, there is 
always .some sulphuric anhydride formed during the burning. 
This fact has long been known, and wa'S explained in 1852 
by Woehlcr and Mahla, and again in 1856 by Plattner.' 
Many substances, one of which (fearic oxide) is present in 
large quantity in^he pyrites-burner, cau'je • sulphur dioxide 
to combine with the oxygen of the air to form sulphuric 
anhydride by “ catalytic action.” Another plausibje eriplana- 
tion is, that in the cooler parts of the pyritej-burners sulphates 
of iron are formed, which, in the hotter parts again split up 
into Fe^Os and SO3. This explanation, however, is not 
sufficient for Fortman’s experiments,^ according to which the 
*» * 

1 Die metallurgischen Rosiprocesse. 

2 Dingl. polyt. J., 187, 155. 
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whole of the fumes of anhydride appear the moment the 
pyrites take fire. Scheurer-Kestner * explained the matter 
by the well-known fact that ferric oxide can act as an 
oxidising successively giving up and absorbing 

oxygen. It is, however, established that even on burning pure 
sulphur a little sulphur trioxide is formed, as we shall see. 

In Fortmann’s experiments, made on a small scale, on 
burning pyrites far more SO3 than SO^ was formed, viz. in 
,one experinaent 4 times as much, in another as 5:3. His 
results were evidently altogether wrong, in consequence of a 
faulty analytical method. Scheurer-Ke.stner only found 2 or 
3 per cent, of all the SO2 converted into SO3, but a larger 
deficiency of oxygen in the gas than corresponds to this 
amount; and the subsequent discussion between Bode ’ and 
Scheurcr-Kestner did not clear up the matter. 

In order to decide the question of the formation of SO3 on 
burning pyrites by more exact methods than those hitherto 
used, especially by Fortmann, Lunge made, together with 
Salathif, a series of experiment.s.'^ It was foun^ that SOj 
cannot, as Scheurcr-Kestner had supposed, be absorbed and 
estimated by barium chloride, because even chemically pure 
SO2 with BaClj in the presence of O or atmospheric air at 
once gives a precipitate of BaSO^. Check tests proved that 
exact results were qbtained by conducting the gas through 
an excess of standard iodine solution, retitrating the latter by 
sodium arsenite, and estimating the total sulphuric acid formed 
in another portion of the 'liquid by precipitation with BaCl2.'' 
By retitration the quantity of SO2 absorbed was found, and by 
subtracting this front the total sulphuric acid that of the SO2 
was obtained. Two experiments with burning Spanish cuprous 
pyrites, containing 48-6x per cent, of sulpljiir, in a glass tube 
irr'di current of air gave : 

' JJul/. Soc. Chim., 1875, 23, 437. 

^ /.A., cit. 

3 Dingl. polyt. /., 218, 325. 

^ Ibid., 219, 512. 

® Iter., 10, 1824. * 

® Eugen Richter (IJ. angnv. C/tem., 1913, p. 132), does not, however, 
consider the .above method sufficiently accurate, and proposes, in lieu of 
this, cooling the gases in tubes to the ordinary temperature, whereby the 
SOj is fiondensed; it is then washed out of the tubes, and the sulphuric 
acid is estimated by, precipitation with barium chloride. ' 
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I. 

Sulphur obtained as SO,^ . 8S'03, 

„ „ SO3 . 5.80 

„ in the residue . . 3-43\ 

„ Wt-t • • • 2-7S) 

• I 


II. 

88 78 per cent. 
6'05 „ 

^ 5 'i 7 * „ 


Hawley ^ removes the SO3 by filtering the gases thrcAigh 
two glass funnels, placed so that their broad sides touch each 
other, a piece of damp filter-paper being put in between ; here 
the SO3 is retainSd, which is then washed out of the paper ai»d 
titftitcd with decinormal soda solution and methyl-orange. 

Of the sulphur of the burner-gas itself there was present; 


As SOj 
„ SO3 


I. II. 

. 93-83 93-63 per cent. 

• 6.17 6-37 „ 


Two other experiments were made in this way: In a 
glass t«bc 50 grams of cinders from the same pyrites, in pieces 
about the size of a pea, were completely freed from sulphur by 
ignition, a^d fresh pyrites was burnt as before, the gas,passing 
through thc.cinders. Found ? 


III. 

Sulphur as SO^ . . 79-25 

„ SO3 . .1602 

Residue and loss . . 4-73 


IV. 

y(>f)o per ^cnt. 
16-84 „ 

6-26 „ 


Of the sulphur of the burner-gas itself there was present: 


III. • IV. 

As SOj . ., .83-18 82-00 per cent. 

SO3 . . 16-82 • 1^-00 „ 


On the large scale the formation ^of SO.j will hardly be as * 
considerable as it^the last two experiment^, because inj;^c 
burners the gas passes through much less ignited ferric oxide 
than in_their experiments. ^ * 

Lunge by later e.xperiments found that In roasting 
pyrites by itself 5-05 per cent., but when*passing the gases 
through a.layer of*red-hot ^lyrites-cinders i 5-8 per cent, of th 
total sulphur reappeared as SO.^, which entirely confirms the 
above result^. On burning brimstone it was found that even 

• 

1 En^. and Min. J.^ 94, 987. 2 Chent. Eeit., 1883, p. 2^. , 

• * • ^ tl 
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then 2’48 to 2'8o per cent, of the sulphur was converted into 
SOj; and this quantity was increased to 9'5 to I3'i per cent, 
if the gases were passed through red-hot pyrites-cinders, 

Hcinpel,^ found that, on burning brimstone in oxygen at 
the ordinary atmospheric ‘pressure, about 2 per cent, of it 
wa.'l converted into SO^ (which agrees with Lunge’s results, as 
given above); but when effecting the combustion under a 
pressure of 40 or 50 atm., about 50 per cent, of the sulphur 
Vvas converted into SO^. 

I'Tirther experiments were made by Scheurer-Kestner ^ With 
the gases from pyrites-kilns as given off in actual manu¬ 
facturing. We quote here a series of his results, obtained with 
samples of burner-gas taken at various times—A, from a 
lump-burner; B, from a Mal< 5 tra dust-burner. 


Volmnn ppr 
cent, of SOo 

A, I.umfi-Intnu’r, 7-3 

7-5 

6- 5 
6-6 
83 

9.9 
6-2 

. B. Dust-lmnur. 8'2 

9-0 

7.6 
11-3 

7- 7, 

8 - 7 

8.7 

7-6 

The quantity of SQ,, formed is here found to be very 
ira-vgular, varying from o to 9-3 per cent, of the SOj; the 
average is decidedly less than in their laboratory experiments 
wifh pi'rites. 

F. Fischer® obtained the following results, which at the 
same time give an idea of the difference in the composition of 
the gases on the various shelves of a Mal^tra dust-burner 

' At., 1890, p. 1455. 

® Bull. Sot. Chilli., 43, 9 ; 44, 98. 

“ Diugl. polyt. /., 258, 28. 


Snlplinr oonvi‘1 tM 
iiitii SO.j j)iT ct-nt. 
(»f total H. 

2-8 
5-8 
1-2 
no f 

O'O 


Avcni^ 

3 -t 


8.4) 

3 - 0 
6-8 
0.4 
0.8 

I’O 

2.5 

9-3 

4 - 1 


Average 
3'5 
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. 

S02 

pnr cent. 

8 O 3 

per cent. 

0 

per cent. 

First test (shelf-burner): 

Second shelf from below . 

0.96 

0-44 

18.4 

Fourth )j )> • • 

1.52 

0.68 

16-6 

Sixth • • • 

3.81 

,0.97 * 

12.5 

Main flue .... 

8-26 

1-34 

5-9 

1» M .... 

7-53 

1.27 

7 .f 

Second lest (shelf-burner) : 

oixlh shelf from below 

8-43 

3-'7 

3 -T> 

»»»•••• 

4.92 

0-68 

10.7 

Second shelf from below . 

2-48 

1-42 

14.8 

Fourth n • • 

2-62 

0.78 

16-0 

Main flue .... 

5.80 

0.65 

10-6 

Livnp-burner . . up to 

9-3 

2 . I 

5-0 


These tests were made by an expeditious method which 
cannot compete in respect of accuracy with that employed by 
Lunge or by Scheurer-Kcstner. The much larger quantity of 
SO,| in proportion to SO,^ is perhaps explicable in this way.* 
lik-’de-roasting gases, when tested by Lunge’s method 
at the Rhenania works at Stolberg, yielded up to 25 per cent, 
of the total S as SO3, ^ 

If thetjjurner-gascs are not passed hot into a Glover tower, 
but are cooled in the old way, most of the SO3 condenses in 
the .shape of sulphuric acid, more than enough water for this 
purpose being contained in the air and the pyrites. Where 
the gases go into a Glover tower, this, of, course, retains ^1 the 
SO3 previously formed, also in the shape of H2S04.^ We shall 
further on consider this fact in detail when speaking of the 
Glover tower and the formation of'sulphuric acid generally. 

The constant pres^ence of sulphuric anl^dridc in various 
proportions in the burner-gas is, of cAirse, a source of in¬ 
accuracy in the testing proce.ss according to Reich (see below),, 
which indicates only the sulphur dicjxide, as we shall see later 
on; it causes, moreover, a deficiency of oxygen and an eifetSs 
of nitrogen in the composition of the gases. Ilithertq no 
satisfactory relation has been found -between the anfciunt of 
SO2, SO3, O, and N in the many analyses •of burner-gases, as 
is apparent from J;he disputes between Scheurer-Kestner and 
Bode as’ well as from Fischer’s tests just quoted. 

1 Harpf {Din/;?. d>olyt. /., 301, Part 2) has grossly misinterpreted 
Scheurcr-Kestner’s results, as shown by Lunge,.rfeV/., part 4. 

^ Scheurer-Kestner, loc. cit. • 

* Vide supra, p. 464 ; cf. also Berl. Bcr., 7, 1665. 

• • • 
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The above-mentioned results have led to the following 
attempt at increasing the fdrmation of sulphur trioxide in the 
roasting process, Collett and Eckardt (Norw. P. 20273) increase 
the percentage of SO3 in burner-gases by passing them, mixed 
with air in excess, over the hottest part of the burnt ore, 
whereby a great part of the SO2 is converted into SO3. Pyrites 
and ,air enter the burner, not, as otherwise usual, in opposite 
directions, but in parallel currents, and the gas and the hot 
cihders are allowed to act upon each other for a suflRciently 
long time. The burner-gases in that case contain so much 
SO3 that they can be employed directly for the manufacture 
of ammonium sulphate. 

6 . Actual Percentage of Sulphur Dioxide in Burner-gas. 

A source of dilution of the burner-gas, not easily traceable 
quantitatively, is that the burnt ore contains not oni'/ pure 
EcjOj, but also sulphates of iron, which must always retain 
more oxygen than l'e203, and the nitrogen corresponding to 
this excess of oxygen must be fbund in the burner-gas. On 
the other hand, a little nitrogen will have to be deducted if 
in the burnt ore FeS is present; but this amounts to very 
little, indeed. 

Moreover, in the factories working with nitrate of soda de¬ 
composed immediately behind the burners, the dilution of gas 
caused thereby must be accounted for. The calculated density 
of HNO3 is 2-I78?3 ; we heed only take this into account, as 
the HNO3 forms, the largest portion of the gas given off by 
the nitre mixture. It differs so little from that of SOj (viz. 

. 2-2109) that, looking at the small quantities in question, we can 
take the two as equal ilvithout any sensible error. Now, in 
normal working oriJer, and using a Gay-Lussac tower, certainly 
not.above 5 per cent, of nitre on the burnt sulphur is consumed 
(corresponding to 3-7 pe'* cent, of HNO3), or i‘85 upon the SO2. 
Thus a gaseous mixture which, without the nitric acid, contains 

8'50 per cent, of SOj, contains besides 'nitric acid 

' ‘ iqo 

vapour, which increases its volume to I00'i6 and diminishes 
the percentage of SO2 in the total volume to 8 '5 7 ^—® diminu- 
tiop too slight to be traceable by analysis. Also, if the nitric 
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acid is not calculated as such, but as NOj or N3O3, it has no 
sensible influence upon the analyses, even if the sample of gas 
is taken in a place where the nitrous vapours coming from the 
Gay-Lussac tower have already entered into the process. 

Still, all th' above-mentioned* causes unite in somewhat 
diminishing the percentage of SOj, in the burner-gases : sothat 
the pycentages stated above : 

m 

I i*i.3 per cent, by volume in burning sulpl^ur, 

8-59 „ „ „ pyrites, 

must be looked upon as the maximum, which in practice can 
only be approached, but hardly ever reached. 

According to L. T. Wright,* the deficiency of oxgyen noticed 
by Scheurcr-Kcstner, Bode, and Lunge, in their analyses of 
pyrites-burner gases, is all the greater the more strongly the 
gas is diluted ; this, he considers, points to the fact that, apart 
from the well-known absorption of oxygen by the formation 
of sulphur trioxide and of metallic sulphates, there must be 
another ctiuse for that deficiency, perhaps a constant? error in 
the metlio 3 s of analysis. In any ca.se, even when the oxygen 
is completely consumed, the percentage of SO^ in the burner- 
gases cannot exceed a maximum of 12 per* ccnt.,,as his own 
practical trials have proved. « 

If the sulphur dioxide in the burner^gas be estimated, this 
will sufficiently test the style of burning, since the oxygen of 
the gas must necessarily be in inv,er.se proportion to its sulphur 
dioxide—although not exactly, as the •sulphuric anhydride 
cornea into play. In practice, usually fiom'Ji to 13 per cent, 
of oxygen is found in good burner-gas. 

The innumerable observations grade upon the percentage 
of burner-gas in'chemical works have proricd that witli,.v,pry 
good pyrites the above maximum figures can be very nearly 
approiAched, whilst with other ores, badly burning or^contain¬ 
ing unfavourable metallic sulphides, only 7 to*/^ per cent. 
SO2 in the burner-gas is attained.® Of course, looking at the 
difficulty of keepmg the evolution of gas exactly uniform, the 
different obsefvations made in the course of a day will 

* ’ Soc. Chem. Ind., 1914, p.*i 11. 

® E.g., Biiclrncr, Dingl. polyt.J., 215, 557. 
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frequently yield less than the above figures *; £tnd they only 
signify the average percet>tage of the burner-gas. As a 
minimum, below which the gas of real pyrites ought never to 
fall, 6 per cqnt,—as ordinary average, 7 to 8 p^*" cent. SOj by 
volume can be asiiumed. If' less is found, the'draught should 
be c(it off; if more, more air should be admitted. 

Crowder ^ quotes the following observations on the vqlume- 
percentage of burner-gas (details in the original; no account 
is <aken of the SO3 present) :— 

SO.J o. 

Lump-kilns . . . from 4.97 to 6-33 g-6o to ii.2i 

Old dust-kilns (shelf-burners) ,, 6-03 ,, 7.02 9-10 „ lo-oo 

„ with,'mother ore „ 6.34 „ 7.43 7.78 „ 8-82 

New dust-kilns . . . „ 4.86 „ 7-03 8-g8 „ io.68 

The temperature of the gas, where it enters the Glover 
tower, in the case of lump-burners is between the melting- 
points of zinc (419°) and antimony (630'), The ga^. from 
dust-burners, which has first to traverse a series of dust- 
chambers, is generally hot enough to melt lead ( = 327°), but 
it is sometimes rather less. , *’ 

All the above calculations refer only to pyrites proper—“ 
that is, such as contains merely a few per cent, of other 
metallic sulphides. If the latter have to be roasted by them- 
selves'(for instance, preparatory to their metallurgical utilisa¬ 
tion), only poor gas can be obtained, partly because' more 
sulphates remain in the residue, for which the corresponding 
nitrogen is found in the gas, partly because they must be 
roasted with a large!' excess of air. 

Bode states® that at Oker poor ores with 27 pe» cent, 
sulphur, of which only 22 per cent, was combined with iron, 
the remainder being present as blende and barium sulphate, 
yiolckd gas with 5-^ per cent. SOj. Lead''matte yields gas 
with 5 to 5'5 per cent.; coarse copper metal (with 34 per 
cent," Cu, 28 per cent. J^e, and 28 per cent. S), 5'{ per 
cent. SOj. ^ 

According to Wunderlich,^ the gas at Oker contains 5 to 7 

' E.g., Scheurer-Kestner, Dingl. polyt. J,, 219, 117, in one day found 
6-5, 6-5, 6 0, 8-0, 9-0, 8-7; even greater differences dtcur in his tests 
quoted supra, p. 464. , , ■ , 

® J. Soe, Chem. Ind., 1891, p. 298. ® Gloverthurm, p. 88. 

• < 7 ./ d. chem. Grpssgew., i, 74. 
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per cent. SOj; its temperature in the case of ores rich 
in sulphur reaches 360°, in the case of poorer ores about 
230°. 

Attention,mi!||t be drawn to a circumstance freqiiently over¬ 
looked in analyses—that for technfeal purposes very rarely a 
reduction of the volumes of gases to 0° and 760 mm* is 
effecteck This matters less in ordinary gas-analysis than in 
tests like that of Reich, where the gases are compared with 
a fixed quantity of SO^ assumed to be at 0° aitd 760 miw. 
This causes most tests made by Reich’s method to indicate 
less than the real percentage of SOj present. 

Usually 4 per cent. SOj in the gases entering the chambers 
is considered the minimum at which it is possible to make 
sulphuric acid without actually losing money by the process. 
Locally, of course, this may be modified to some little extent. 
The average at those works where a great variety of poor 
ores, aa arsenical, and “ matte ” is roasted, preparatory to 
the smelting process, is from 5 to 7 per cent. SOj in the 
burner-gas, , 

In the case where coal pyrTtes is the source of sulphur, and 
the ore has not been well “ dressed,” the average per cent, of 
SO2 in the burner-gas rarely exceeds 5, otherwise a deficiency 
of oxygen frequently occurs. * ^ 

• 

7. The Quantitath'e Estimation of Sulphur Dioxide. 

This is usually effected by Reicji’s process, which consists in 
aspirating the gas through a measured quaittity of a solution of 
iodine, to which a little starch has been ajdect. This is carried 
on till the blue colour of the solution disappears ; the amount 
of gas aspirated in proportion to ^he constant quantity of* 
iodine employed admits of calculating the^ percentage of,S02 
in the gas. 

Tha reaction taking place is as follows :— 

21 + SO^ + 2 H ,0 = 2 HI + 

The ciperation'is carried out with an apparatus consisting 
of a wash-bottlg (similar to the one illustrated by Fig. 68), 
an aspirator of aboqt 2000 c.c. capacity for drawing the 
burner-gas through the solution of Standard iodine (which 
is placed in the absqrption-bottle, along with a smjjl. 
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amount of starch solution and water) and 3250 c.c. graduated 
cylinder for measuring tbc amount of water run from the 
aspirator. 

For taking the test for SO^ in the f .iseous mixture, 
connection is made with 'the burner pipe and wash-bottle, 
the*-latter being charged usually with 10 c.c. of the standard 
iodine, and the aspirator tap opened. 

The amount of water run out is read off in the cylinder 
and the calculation made as described below. 

Of course, precautions must be taken to remove the air 
from the connecting tubes leading to the wash-bottle, before 
commencing the measurement of the water run into the 
cylinder. 

It is advisable to add a little sodium bicarbonate to the 
iodine in order to neutralise free III formed, and this will 
facilitate absorption of SOj. 

For further details we refer to Lunge’s fourth edition, pp. 


5 71 seq. 

If a second test is to be made, a fresh quantit," of iodine 
solution can be added and the process recommenced. Whejt 
this has been repeated a few times, the decolorised liquid, after 
a short time, again turns blue, because then its percentage of 
HI has become so large that it decomposes on standing and 
liberates iodine. This liquid must then be poured away, and 
replaced by fresh water and a little starch solution. 

The calculation is as follows :—The n c.c. of iodine solution 
by its decolorisation shows b-0032 gram SOj, which, at 0° and 
760 mm., occupies a volume of c.c. If the 

barometer shows b mm., and the thermometer f, and the 
difference of water-level in the aspirator is =/<! mm. equal to 


k 

75^6 

SOi is 


mm. of 


mercury, the exact volume of'0'0032 X« gram 
• 760 

!• 114 X « X ■ ^ X (I -t 0'003665 1) c.c. 

b -—7 
13.6 


As the water run out, and thus also tl^c gas a.spirated 
throu{fh A, aijiounts to in c.c., the volume of the aspirated 
gaseous mixture, before the absorption of the SO2 contained 
tlierein, must have been 
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• 760 

W+ I-I 14 X « X-X (i +0-003665 X .) c.c., 

13-6 

and the percent^e of SO^ in volumes of the gasecus mixture 

760 

100 X M 14 X X-X (1 + 0-003665 X /) • 

• _.F6 _ 


760 

/« + M14 X « X-— X (I -r 0-003665 X /)• ,,, 

' l>-~^ 

13-6 

In many cases a correction for the barometrical and 
thermometrical changes will not be required ; and the formula 
is then simply 

111-4 X n 


«-r 1 -11 4 X « 


per cent. SO.,. 


If ,'ie percentage of SO2 in the gas is very small, and thus 
in very large in proportion to n, the formula may be simplified 
into 

• • 

„ • I 1V4 X 7 ! 

m 


If 10 C.C. of a decinormal iodine solution’have ,been used, 
this quantity, according to the above-given formula, will cor- 
re.spond to 0-032 gram, or 11-14 c-c. SOJ, at 0° and 760 mm. ; 
and this number need only be multiplied by too, and divided 
by the number of cubic centimetres of water collected in C, 
plus II, in order to find the percentage«of SO2 in the gas. 
The barometrical and thermometrical corrections are in this 
case, of course, neglected. The subjoined table will save this 
calculation. On employing 10 c^c. of decinormal iodine* 
solution, the folltwing number of cubic centimetres collected 
in the graduated cylinder, C, show :—- * 


Cubic centimetres. 

82 
86 
96 

100 
106 

113 

120 


, Volume i»ercentage of 
12*0 
11-5 


I i-o 
10-5 
lO-O 


9 -; 

9-0 
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Cubic centimetres. 

V’olunio percentage of SO^. 

128 

..... 8.0 

138 

7.5 

148 

7.0 

160 

. . . . 

'/5 

.' . , . 6-0 

193 

5.5 

2 13 

5.0 

237 

4-5 

268 

,i-o 

Even if the gas to be 

examined is taken at a point where 

it is already mixed with 

nitre gas, this will not exercise any 

practically important influence upon the result. We have 


already seen that, in ordinary work, for each too parts of SOj 
only I'85 NHO3, or its equivalent as N2O3 or NOj, exists in 
the gas. In such dilute aqueous solutions nitric acid hardly 
oxidises sulphurous acid at all ; this, however, is done by 
nitrous and hyponitric acids. Even if we assume that only 
NO3 is formed (which is going much too far), this coiild at 
most oxidise its equivalent in SO3, according to the formula 
■■ NO. + HjO + SOj^pSO^Hj + NO. 

• 

46 NOa thus oxidises 64 SO3, or i'35 NOj (the equivalent 
of 1-85 NO3H) only 1-88 SO2 ; in other words, in the worst 
case, never happening in practical work, of too parts SO2, i-88 
parts would be oxidi,;cd by nitrogen acids instead of iodine. 
Even this maximum error would, say at 10 per cent., only 
amount to a deficiency of o-188 per cent.; but this is certainly 
reckoning it much (po high.' 

Raschig' poinfs out an inaccuracy connected with this 
method in consequence of the presence of nitrous gases, and 
the uncertainty of recognising the end of the reaction, owing 
to the fact that the iodine solution, after |;eing decolorised, 
again takes a blue colour through the action of nitrous acid. 
This fault is, however, avoided if sodium acetate is added, say 
for each' lo c.c. decinormal iodine solution about 10 c.c. of a 
cold saturated soludon of sodium acetate, and the chamber 
gases are filtered through glass-wool before reaching the iodine 
solution ; thus only acetic acid is present in the free state, 
which prevents,any action of nitrous acid. This acid, in fact, 
or its equivalent of NCT NO2, can be estimated, after perform- 
1 ,Z. angew. C/tem., 1909, p. 1182. 
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ing the Reich test, by adding a drop of phenolphthalein 
and titrating with decinormal NaOH solution till the red colour 
appears. From the volume of soda solution consumed must be 
deducted lo cx. fcr the HI formed from the lO c.c. normal 
iodine, and i o c.c. for the H2S04* formed by the reaction : 
SO2 + 2I + 2H2O = 2111 4 - H2SO4 ; the decinormal soda solutk)n 
used be^iond those 20 c.c. indicates nitric and nitrous acid. [This 
estimation is not quite correct, because the CO2 of air (anfl of 
that contained as impurity in the NaOH solutios) also act* 
on phenolphthalein, and no boiling out can be allowed here, 
becau.sc then the nitrous acid would be driven out as well.] 

The analysis of burner-gas is described by F. M. Williams,' 
who states that better results are obtained by the direct 
analysis of a measured volume of the gas than by aspirating 
a current of the gas through a series of absorption vessels 
containing iodine solution. Apparatus of the Orsat type is 
most cciircnient for the purpose, and a slightly modified form, 
in which the fragile U-tube or goose-neck reagent vessels 
are rcplacei^ by straight pipettes inverted in cylindrical con¬ 
tainers, is described. The author employs an apparatus with 
three vessels, which can be used either for sulphur burner-gases or 
for flue-gases. In the case of sulphur burner-gases the sulphur 
dioxide is absorbed by caustic potash solution, and riie result 
may be verified by a determination of ,the oxygen in^ the 
residue. With this method of operation it is easy to confirm 
•the fact that the absorption of the sulphur dio.xide is complete, 
thus avoiding a source of uncertainty which always attends the 
use of the aspiration method. * 

Ljungh® describes a useful modification of the Reich 
apparatus, by means of which any requisite corrections of 
pressure can be effected in a simple manner. This apparatus 
is shown in Fig. 67. The running-off tube S of bottle ft is 
turned in an angle, and is connected by an indiarubber tube 
with the tap / fixed at the bottom end of the perpeniiicular 
metal rod s. The top end of s is turned in » right angle, the 
point of which se»ves for ^idjusting the rod to the changing 
level, of water in^B, by means of the clamp-screw /i. A test 

1 Tech. Assoc. Pulp andJPuper Itui., 1918, pp. 26-27 ; /, Soc. Chelu'. /«</., 
1919, p. 572A.* • • 

“ Ch^m. Zeit., 1909, 33, 143. * 



476 THE PRODUCTION OF SULPHUR DIOXIDE* 


for SOj is made as follows:—By opening tap h on bottle A, 
the tube is filled with fresh gas, and at the same time a 

measured quantity of iodine 
solution is put into A. After 
closing A, tap i is opened and 
the point of rod s is adjusted 
to the level of water in B, Now, 
by turning tap 4 the gas is 
passed througn a into the iodine 
solution contained in A. *rhe 
non-absorbed portion of the gas 
passes into the bottle B; the 
water displaced by it is caught 
in the cylinder below i. At 
the moment when the iodine 
solution in A is decolorised, h is 
shut, and the running»>out of 
the water from B soon ceases. 
Now point s is ag|in adjusted 
tc the water-level ia B, whereby 
Fin. or. a little more water runs out, 

, and the total volume of the 

displacecF water is measured in the cylinder below. 

Another improvejnent of Reich’s apparatus has been made 
by Rabe. 

8. Lunge's Test for Total Acids. 

Considering the inaccuracy inherent in Reich’s test, owing 
to the constant presdbee of sulphuric anhydride in th^ burner- 
^ gas,‘ the question arises whether it would not be better to 
substitute for it a test showing the total acidity of the burner- 
gaffes. There iS »o difficulty in doing ^his, either by the 
mejihod indicated for testing the exit-gases, or in a more 
expedftiou% way by employing the apparatus shown in'Fig 68. 
Lunge has showg this method to be quite practicable and 
accurate, and it is carried out at gnany works for the regular 
control of the process. A decinormal solution of caustic soda 
is ef(fj)loyed, of which lo c.c. are tinged red with phenol- 
^hthalein and diluted»to about loo^r 200 c.c.* The gas is 
• Cf. supra, p. 467 et stq. 
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aspirated throggh it slowly, exactly as in Reich’s test, with 
continuous shaking. Especially towards the end the shaking 
must be continued for a while (say half a minute), each time 
aspirating a fewVubic centimetres of gas through the liquid, 
till the colour has been completely discharged, wliich is best 
ascertained by putting a white piece of paper or the like 
undernf^th the bottle. The calcula¬ 
tion is made exactly as with the 
iodine test, counting all the acids as 
.. SO2. A large number of practical 
tests made in this manner have 
shown that the percentage of total 
acids calculated as SO3 is always 
larger than the figures found by the 
iodine test, owing to the presence of 
SO3, and that the results of the 
former I test agree with those of 
gravimetrical estimations. 

The ab|orption-bottle used by 
Lunge differs from Reich’s in living 
an inlet-tube for the gas, closed at 
the bottom, and perforated by Fio. es. 

many pin-holes, through which the • 

gas rises in many minute bubbles, instead, of one large btfbble, 
as shown. 

The otherwise excellent absorbing-bottle described in No. 34 
of the Alkali Inspector's Reports, p.«22, is not available in this 
case, as it contains indiarubber rings, whifli act upon iodine, 
but it ^ves good results in the Lunge t#st for total acids, and 
in other very difficult cases, such as the absorption of acid 
fog. The lask is fitted with a rubl»er stopper provided with 
inlet- and cxit-tuLi^s. The former is 8 mi% \tide, closed afrthe 
bottom, and pierced with a number of small holc.s, through 
which the gas passes to a double bulb» attached to,the tube by 
means of a rubber stopper. The upper ljulb is filled with 
small cuttings of subber tubing, kept in motion by -he stream 
of gas, wnich is thus brought into very intimate contact with 
the absorbing solution ; the lower bulb is open at the IS^ttom. 
The success of the op^ation depend*•largely on the correct 
dimensions being adhered to. The lower opening* of the 
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double bulb is 6 mm., the lower bulb 15 mm., .and the upper 
bulb 18 mm. in diameter respectively; the upper opening, 
through which the inlet-tube passes, is 13 mm. wide. The gas 
passes froip the bulb into the flask through sfi/eral small holes, 
and finally leaves it through the exit-tube, wnich is narrowed 
bctow, and widened above, to form a cylindrical chamber; the 
lower, narrow irortion is filled with rubber rings, and th# upper, 
wider portion with glass-wool. When used for the absorption 

acid vapours, the exit-tube is moistened with water coloured 
with methyl-orange, which serves to indicate whether comi?letc 
absorption is being effected in the bottle. 

Lunge ‘ has also proposed to determine the acidity of 
burner-gases by measuring their specific gravity, a method 
which might be used for giving a continuous graphic record of 
the operation of the burners. Differences of i per cent, of 
SO2 by volume affect the value of the specific gravity in the 
.second decimal place ; differences of 0-1 per cent. d«"thi.s in 
the third decimal place. Such measurements might be made, 
c.gc, by, a modification of the Lux gas-balancc, ^hich, as at 
present constructed, is not suitable for use with acid gase.s. 

Ncstell and Anderson ^ absorb the acids in flue-gases Ey 
sodium carbonate solution, and rctitrate this, using methyl- 
orange a^ indicator. The residual Na^SOj is oxidised by 
hydi?)gen peroxide. 

A. Sander* gives a method of estimating SOj :—15 c.c. of 
N/io sodium hydroxide is introduced, together with some 
methyl-orange as indicator, into an absorption-flask, provided 
with a bottom r^n-off tap. By means of an aspirator, the 
burner-gases are .slovVly drawn in until neutralisation takes 

, place, and from the known volume of the gases the total sulphur 
(dioxide and trioxide) Is calculated. The; solution is then 
drat'n off, treafedn with a saturated solution of mercuric 
chlgride, and titrated with N/iO sodium hydroxide, the result 
enablir% the amount <y( sulphur dioxide to be determined; 
sulphur trioxide is»calculatcd by difference. 

B. C. Stuer and W. Grob'* di.scr*ss the above method, and 

^ C/iem., 1890, p. 567. 

^ J. Ind. Enj;. Chem,, 1916, p. 258. 
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dispute Sander’s contention that mercury has a strong catalytic 
action on mixtures of air and sulphur dioxide; the high 
percentage of sulphur trioxide found by him in burner-gases is 
more probably %due to oxidation when sulphur dioxide is 
absorbed by 5odi4im hydroxide. la a reply, €and^r contends 
that if the sulphur dioxide is introduced into the alkali a 
fine stream, and agitation is avoided, appreciable oxidation of 
the sodium bisulphite will not take place. He further maiiftains 
that his results foi' sulphur dioxide are given in clc^e agreemqjjt 
with those obtained by Reich’s method, and that therefore the 
sulphur trioxide value, which is derived from the difference 
between total acidity and sulphur dioxide figures, must also be 
correct. 

Later, Stuer and Grob ‘ continue the discussion, stating that 
if oxidation of sulphur dioxide during absorption in alkali is 
caused by agitation in presence of air, as contended by Sander, 
it willjuot be prevented by excluding contact with air, as 
burner-gases contain oxygen. In reply {ibid. p. 771), Sander 
gives a series of comparative analyses by his method and the 
Reich-Lun^e method, the foni^r giving a lower sulphur trioxide 
content in all cases. 

E. Berl ^ states that the absorption of sulphur dioxide in 
the presence of oxygon, by means of caustic soda, fields low 
results, especially if the liquid is shaken vigorously or contains 
positivi. catalyst.s, such as copper sulphate. Good results are 
obtained, on the other hand, by addition of small quantities of 
negative catalysts, e.specially stannpus chloride. It is recom¬ 
mended to add to each assay i o c.c. of j^Vo solution of 
stannoils chloride (0-23 gram SnCl22H20 per 1.) before absorp¬ 
tion. The gases are passed through the liquid, which is then 
acidified and titrated with iodine in 4he usual way. It is un¬ 
necessary to make allowance for the stann^uS chloride addtd. 

' ' . < * 

9. Estimation of Oxygen in Burner and Chamber Gases. 

Although burner-gas ft not generally tested for oxyge 
this te.st being reserved for the exit-gases, we will here d^cril 

* Ckem.'Zcit, 1921, 45’, 770; /. Soc. Citfm. hid., 1921, p. 656A. 

Chem. Zeit., 1921, 4s, 693 ; J. Soc. Chem. hid., 1921, p. ^8 oa. 
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the methods employed for estimating oxygen in any of the 
gases occurring in the manufacture of sulphuric acid. 

Oxygen is, for technical purposes, always estimated by 
means of an absorbent, observing the contrj,ction of volume 
produced. Cuprous chloride in ammoniacal s elution, or copper 
gayze in ammonium chloride solution with ammonia present, 
may be employed, but have little advantage over pyrogallol or 
phosphorus. 

Of these„p}To^aUol must also be in an alkaline solution, and 
it acts very promptly. Its use for this purpose was proposed 
by Chevrcul as early as 1820, but it became general only 
through Liebig many years after. It is true that this reagent 
in the presence of pure oxygen forms some carbon monoxide; * 
but this never happens with gaseous mixtures containing no 
more oxygen than atmospheric air.^ It is therefore reliable and 
very much employed. Unfortunately, the solution (25 grams 
potassium hydrate and 10 grams pyrogallol to 400 cjf,,water) 
gradually thickens and becomes useless long before this some¬ 
what expensive reagent has been used up. The absorption of 
oxygen by pyrogallol can be qarried out by a inkier gas- 
burette, or by an Orsat apparatus, etc. Very convenient fbr 
this purpose is the apparatus constructed by M. Liebig,® which 
allows of making an estimation in three minutes. This ap- 
parat.is may also be used with other absorbing agents for other 
gases, e.g'., with cau,stic-potash solution for carbon dioxide. It 
works more quickly than Winkler’s gas-burette, but does not, 
like this, allow of making a full analysis of gases with the 
same sample. For this purpose Liebig has constructed another 
apparatus, about whioih we must refer to his paper.^ 

It has been proposed to purify the gas from any sulphur 
dioxide and nitrogen ojddes present, which wopld be also 
abserbed by the alkaline pyrogallol soli don, by prolonged 
contact with a solution of potassium dichromate, over merpury, 
or at Hast by washing with water. Rut the error causeci>, by 
the acid gases is vpry slight when testing the gases going ^ut 
of the chamber for oxygen. 

' grace Calvert, Froc. Manch. Lit. and Phil. Soc., 1863, p. 184. 

^ Poleck, /?. anal. Chem.^ 1869, p. 451. 

^ Dingl. polyt.J., 20^S■ it. 

* L'ac. at.., p. 44. 
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Phosphorus, is one of the oldest absorbents for oxygen, and 
it has again come into use, since the manner of employing it 
has been properly studied, and as it is now found in trade in 
very thin sticks^',offering a great surface. Of cotyse, it must 
be kept under v/ater, and must be‘exposed oMy to the gas to 
be analysed. It acts only at a temperature of at least «6’, 
better # little above ; this is the first condition to be observed 
. in its use, but it is ea.sy to attain if the apparatus is kepS-in a 
somewhat warm place (near an acid chamber). The actiorvaof 
phosphorus on oxygen 
is interfered with by 
traces of tarry matters 
and the like ; but such 
do notoccurinchamber- 
ga.s. As it is, the gases, 
both for the pyrogallol 
and “Ac phosphorus 
test, are often previ¬ 
ously wasl'^d and freed 
from acids, by passing 
tliem through a solu¬ 
tion of caustic potash ; 
but there is generally 
no great error caused 
by omitting this treat¬ 
ment. The action of 
the oxygen on the 
phosphorus is at once 
indicited by the forma¬ 
tion of a white cloud, 
and it is »cces.s4ry to 
wait a few minute.s'till that cloud has co*pfetely disappdSired, 
when the absorption of oxygen will be complete. Once 
chargecl, such an apparatus may set\e for hundi^ds <)f tests, 
but it should be kept protected from daylight. 

Of course, Hampel’s, Uunte’s, or any other apparatus for 
general technical gas-analysis may be employed as well. 

Lindemann’s apparatus, which is specially intended'^r the 
estimation* of oxygen%y phosphoru<f,*\s shown in Fig. 69. 
The gaeasuring-tube A has a three-way cock at the *top, but 
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no tap at the bottom. It contains lOO c.c., 75 c.c. of this 
in the globular and 25 c.-c. in the cylindrical part, which is 
divided into tenths of a cubic centimetre. The level-bottle C 
contains water, the absorbing-vessel B thin stick's of phosphorus 
and water up td the mark. The manipulatlbn is exactly as 
with Orsat’s apparatus. 

Instead of taking only single samples of the escaping gas, 
it is Advisable, apart from these, to collect an average sample 
(s<, y, for twenty-four hours) by aspirating a" certain quantity 
(say, about 50 1.) by means of a large aspirator with the outtet- 
cock very' slightly opened. Owing to the slowness of the 
aspiration, the gas standing over the water in the aspirator 
will be thoroughly mixed up, and by taking a sample from 
the aspirator the average percentage of oxygen can be 
estimated with some degree of accuracy. We shall treat this 
matter more in detail in Chapter III, Vol. II, when describing 
the testing of the exit-gases. 


10. listimation of the Oxides and Acids of Nitrogen. 

Burner-gas will contain the 'hbove acids if the “ potting^” 
has been done either within or close to the burners, as is usual 
in England. The acids and oxides of nitrogen are, however, 
but exceptionally estimated in burner-gas, and not very often 
even In chamber-gas ; the latter is not indispensable, because 
the colour of the chamber-gas on the one hand, and the 
testing of the “ drips ” on the other, which we shall describe in 
Chapter I, Vol. II, are suffiOient for guiding the manufacturer 
in his work. 

In well-conducted'’works, however, the chamber-exits are 
, tested not merely for total acidity, but also for nitrogen acids 
.separately. For this purjiose the prescriptions forVnulated by 
the British Alkali-Makers’ Association may'^oe ob-served, which 
we ?hall give in detail later on (Chapter III, Vol. II). These 
do not %xtend to nitric'oxide, but we shall see that it Is easy 
to estimate this at the same time. In this place we shall, give 
a short outline of the methods employed by Lunge and Naef 
for their extended experimental investigation^ of the vitriol- 
chamljer process ’ for estimating nitrogen oxides and sulphur 
dioxide at the same time. The pipe bringing the gas from 
. 1 CAem. Ind., 1884, D. t. 
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the chambers is continued into a Y-P'pe, both branches of 
which are connected with sets of absorbing-tubes. One branch 
is connected w^th three U-tubes containing concentrated pure 
sulphuric ac^d (for retaining N2O3 and N2O4) a/id a fourth 
tube containing an acidulated soltition of potassium perman¬ 
ganate (for retaining NO). The other branch of the Y-l^ipe 
first leads into a long glass tube filled with cotton-wjol or 
glass-wool, where any drops of mechanically carriefe-over 
sulphuric acid are retained, and then into two U-tubes cont^n- 
ing pure caustic-soda solution (for estimating SOj). At the end 
of both sets of tubes there is an aspirator, consisting of a large 
glass bottle, holding about 20 1., divided into single litres;, with 
a tap or tap-siphon leading into a similar bottle, so that the 
quantity of water run out indicates the quantity of gas passed 
through each set of tubes. The gas remaining in the aspirators 
is tested for oxygen by absorption ; for nitrogen by difference. 
Sulphur dioxide is found by o.xidising the caustic-soda 
solution with bromine water, and precipitating the sulphuric 
acid forn^d by barium chloride. In the sulphuric acid 
nitrogen ttioxide and tetroxiie are estimated in the way indi¬ 
cated in Chapter III (p. 291 et scq.), by testing both with per¬ 
manganate,and with the nitrometer. The .tube filled with 
potassium permanganate will retain the nitric oxide which is 
found by adding titrated ferrous sulphate? solution and retitrat¬ 
ing with permanganate. Where the quantity of SO2 in the 
gas is considerable, this method cannot be employed ; in this 
case it is not possible to separate fhe NjOj^and N2O4, and the 
metho^ otherwise used for the chamber-cxits«must be employed 
(Chapter III, Vol. II). * 

Nitrogen protoxide, N2O, may occur in chamber-gases* 
in very sliest quantities. The former methods of its detection 
and estimation were very inadequate, and bailed entirely in the 
presence of other nitrogen oxides. It may be possible to 
apply the method proposed by Knorre,‘ viz. burnmg with 
excess of hydrogen in a Drehschmidt’s ‘platinflm capillary,^ or else 
Poliak’s method “'of burning in a bright red-hot Drehschmidt’s 

’ Bert. Ber., 33* 2136. ^ 

^ Cf. Witjkler-Lunge’S Gas-Anujy,ds, 2nd edition, p. 162. 

* Described in his inaugural dissertation, Prag, 1902, p. 5«, and in 
Treadwell’s Lehrbuch der anal. Chem. [2], 2, 538. 
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capillary with pure carbon monoxide, measuring' the contrac¬ 
tion and estimating the CO^ formed. The contraction in 


burning for NO is 


NO 


; for N O there is nci, contraction at 


all; the volume of the absorbed CO^ is equal to N 0 + N, 0 . 
Hence the volume of N^O is obtained by deducting twice 
the volume of the first contraction from the volume df CO^ 
found'.* This is made clear by the following equations;— 


2 vol. NO + 2 vol. CO = I vol. Nj + 2 vol. CO.^. 

I vol. N„ 0 + I vol. CO= I vol. Nj + I vol. CO^. 

Hcmpel ’ estimates very slight quantities of nitrogen prot¬ 
oxide, such as may be suspected in chamber-gases, by cooling 
the gases by means of liquid air, which causes the NjO to 
condense to a liquid, adding to it electrolytic fulminating-gas 
(Hj-f 0 ) and exploding in an explosion-pipette. The increase 
of the volume of the gas thus produced corresponds to half 
the NjO originally present. He thus found in the exit-gases 
from the Freiberg factory, 0-063 to 0-073 pc t:cnt.; from 
the Aussig factory, o-11 to o-'’i 4 per cent.; in a very bad 
chamber-gas, 0-25 per cent. NjO. 


K. Composition of Flue-dust and Ciiamher-deposits 

In the gas-flues and draught-pipes flue-dust is always 
deposited, much more when smalls are burnt than with lump 
ore, especially in fv-rnaces where the small ore is used. In 
such cases special dust^-chambers are indispensable, as hs.s been 
remarked in the description of those furnaces. Even when 
burning ore in large lumps the flues and pipes must-be cleaned 
out i[rom time to time, as they would othcrydse be stopped up 
entirely. At some factories this is done monthly, at others 
more ra^rely. If the dejjosit is allowed to remain too long, it 
hardens into'a stone-like mass, which cannot be got out without 

, 1 O *- 

stopping the process. 

The composition of this deposit varies, of course, vtfry much ; 
and even its external aspect varies from that of a dry, light 
dust ^o that of a thick, strongly aoiii mud. If generally 

' Z.f. Elektrochenu, 1906, p. 600 et seq. 
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contains a la^ge proportion of arsenic. Clapham analysed such 

a deposit, from a source 

not mentioned,* and found : 

Sanck etc. 

LeatT oxide 

. 2’333 

. 1-683 

Firri 4 oxide 

. • 3-700 

Cupric oxide 

trace 

Zinc oxide 

. . . . . trace 

Arsenious acid 

. 58-777 

Sulphuric acid 

25266 

Nitric Acid 

ti*tce 

Water 

8000 

- 

99-759 

D. Playfair ^ examined flue-dust from pyrites-kilns, in which 
he found chiefly arsenic, antimony, lead, copper, and iron ; of 


thallium o-oo2 to 0-05, of tellurium and selenium o-ooi per 
cent, was present. He describes in detail the analytical 
meth'^f's employed. 

Reich ® found in the Mulden Works a crystallised deposit 
consisting, of equal molecules of arsenious and sulphuric 
anhydride* Similar depositj have been frequently observed 
since. 

In other cases the deposit is dry dust, consisting mostly 
of mechantcally conveyed pyrites-dust, better burnt than that 
within the burner itself,'* and nearly alw;y^s containing 9 (> much 
arsenic that its crystals can be seen with the naked eye. 

H. A. Smith® found in the dust 46-36 per cent, of As,,©^, 
together with a large quantity of sulphur in the pasty condition 
—the latter, of course, formed by sublimation from pyrites. 

Thfe flue-dust is also a principal sourte of thallium, and when 
selenium occurs in the pyrites it is found in the flue-dust. 

Bismut^i, to the extent of 3-5 4 o 4-0 per cent., has been 
found in the flue dust from Rio Tinto one by E. Gibbonf* who 
proposes to recover it by extracting the dust with hydrochloric 
acid gr. i-07, allowing the soluJion to clear,^ protipitating 
the bismuth as oxychloride, BiOCI, by ^lilution with water, 

' Richatdson and Watts, Chem. Techn., i (3), p. 70. 

* 2 Chem. News, 39, 245. 

“ EniSnann's Journal, 90, 176. 

* Bode, Beitr^, p. 41. 

* Chemistry of Sulphuric-Acid-ntJking. 

® Chem. Trade J., 1905, 36, 88. 
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heating and agitating, and at last filter-pressing and washing 
the precipitate. , 

A. Hoffmann' states that the flue-dust from blende-roasting 
furnaces is not merely the principal source of ti/c impurities in 
the chamber-acid, but al.so causes trouble in the working of 
the chambers through the stopping up of towers and pipe- 
conduits. The quantity of dust depends upon the k;nd of 
burners, and upon the fineness of grain of the blende. An 
average .samp'e of the flue-dust showed : 6‘54 per cent. ZnO ; 
24-29 ZnSO^; 6-75 Fe^O.,; 6-8o FcSO^; 5-37 Fe2(SO^)g-; 
ii-6i I’bSO,; 12-84 CaSO^; 7-18 MgSO^; 0-35 As^O^; 8-16 
SiOj ; 0-40 TljO. The proportion of sulphates to the oxides, 
especially of iron and zinc, seems to be greatly dependent 
upon the temperature reigning in the dust-chamber, and the 
composition of the gases. The flue-dust not retained in the 
dust-chambers gets into the Glover towers ; here the oxides 
are completely converted into .sulphates, and these ar(».fartly 
deposited on the packing of the tower in constantly increasing 
crusts, but mostly carried away by the Glover acid, and 
deposited in the acid reservoirs, coders, and spreading apparatus, 
whence they must be removed from time to time. With th? 
Glover acid the sulphates get into the Gay-Lussac tower, and 
here also giadually obstruct the packing. Cru.sts of sulphate 
are alb's- deposited in the lead tubes for pumping the acid. A 
small portion of the flue-dust gets into the vitriol chatfibers, 
where it is precipitated together with the acid fog, and saturates 
the chamber-acid with sulphates ; the insoluble lead sulphate 
accumulates in the'' chambers as mud. A muddy sulphate 
formed in an iron acid'^eservoir had the composition * 

Fe^fSO.VaH^SO.-SH.O, 

whilsj; crystalline crusts had the composition^ 

'Ke2(S0,VH2S0,.7H,,0. 

The lead sulphate is less Riclined to form acid sulphate; that 
contained in the chamber mud is normal sulphate. Aluminium 
.'■ulphate mostly occurs only in traoas, if the packing of the 
towers consists of good material. 

Tlj<‘''ZnSO^ remains mostly dissolved in ttie hot Glover- 

* Metall iind Erz, 1915,‘w, 290 and 310; J. Soc. Chem' Inti., 1916, 
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tower acid, hut crystallises on cooling in the Gay-Lussac 
tower. 

Recovery of Thallium and Selenium. 

I • 

In the flue-dfist and the chamtfcr-deposit many descrip¬ 
tions of pyrites the rare metals selenium and thallium have keen 
found.* The former has hitherto had no industrial application, 
apart from the employment of crystalline .selenium in j?hoto- 
metry, as its ele<ftrical conductivity changes in proportionn»to 
the intensity of the light that falls upon it. 

Thallium, Iwwever, is manufactured on a. comparatively 
large scale at Aussig and Mannheim ; and it might possibly be 
found useful for optical glass, replacing the alkali / owing to its 
very high atomic weight (204) it gives, together with red-lead 
and quartz, the specifically heaviest and consequently the most 
refractive glass hitherto known (Lamy). 

The preparation of thallium from the flue-dust of West¬ 
phalian pyrites has been described by Schaffner,* and in 
Lunge’s fourth edition, p. 1465. , 

Selenium was discovered «(in 1817) by Berzelius in the 
ctiamber-deposit of the sulphuric-acid works at Gripsholm, at 
which Fahjun sulphur (obtained in roasting^ ores) was used. 
It also occurs in volcanic sulphur, e.g. 0-264 P^r ctnt. in the 
solfataras of Naples, according to Phipsqn —principaUf; how¬ 
ever, m many descriptions of pyrites ; so that the chamber- 
deposit of the Mansfeld and Oker works is the best source of 
it. Selenium occurs in several *allotropic modifications, in 
regard to which wc tnust refer our reader^ to the chemical 
treatises. Its specific gravity is given*as 4-8, melting-point 
217°, boiling-point about 690°. Selenium always occurs in 
very small quantifies ; but its characteristic reactions cause it 
to be easily discovered, and it becomes veiy much concenttated 
in the deposit of flue-dust. 

The deposit contains free selenium, as the sqleni^us acid 
formed by burning is reduced by sulphurous acid. Otto® 
digests t]ie deposit, previrusly washed with water, with aqua 
regia to oxidise the selenium, adds sulphuric acid, evaporates 
to dryness, driving ofif the other acids, treats the residtio^ with 

• " • 

' Wagner's Jahresber., 1871, p. i. * ® Chem. News, 5, 337. 

® Lfhrbuch d. Chem. [4], 1, 633. 
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water, and from the solution, by cautious addition.of ammonium 
sulphite, first precipitates white mercurial chloro-seleniate, then 
from the filtrate, by more ammonium sulphite and sulphuric 
acid, the selenium itself. From the mercurial precipitate the 
selenium can be obtaineo by oxidising with nitric acid, 
evaporating, neutralising with sodium carbonate, fluxing with 
potassium nitrate, boiling with hydrochloric acid in ocder to 
reduJi SeOg to SeO^, and precipitating the selenium from the 
solution by SOj. 

Bdttger' extracts the selenium from the chamber-depSsit 
washed with water by means of a concentrated solution of 
neutral sodium sulphite, and filters it into dilute hydrochloric 
acid, which at once precipitates the selenium. 

Nilson' describes the working-up of the Fahlun chamber- 
deposit for selenium. This cannot well be done by Otto’s 

process: it is better to employ potassium cyanide, 2 parts of 
which yield i part of selenium. The washed depcfe’it' only 
needs to be digested with a concentrated solution of potassium 
cyanide, at 8o“ to 100° C. till its red colour ha?, just been 
turned into pure grey; the residue is washed with boiling 
water, filtered, and hydrochloric acid added to the solution ; 
selenium at once precipitates in cherry-red flakes, as the 
liberated selenocyanic acid is almost instantaneously decom¬ 
posed into selenium and hydrocyanic acid ; the sulphur 
dissolved at the same time remains in solution as sulphdcyanic 
acid. The selenium thus obtained contains only a little 

copper, iron, and perhaps traces of mercury; it is obtained 
quite pure by dissolving in nitric acid, evaporating to dryness 
in a water-bath, sublffning the anhydride in a current of dry 
,air, and treating its solution with sulphurous and hydro¬ 
chloric acids. 

Rienlen ® showed that the selenium, being reduced by SOj 
in the Glover tower, is dissolved in the sulphuric acid, to which 
it somedmes imparts a blood-red colour. When diluting the 
acid with three tirrres its *bulk of water, the selenium is precipi¬ 
tated. Glover acid contains up to 17-3 mg., chaqiber-acid 
22-3 mg. per kilogram. If such sulphuric acid is employed 
for t'le manufacture of hydrochloric ayd, the selenium is 

o « ’ 

' DingL polyt. J., 176, 405. 2 Her., 7, 1719. 

‘ Bull. Soc. Cheni. [2], 24, 404. 
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volatili.sed together with HCl and is deposited in the first 
receivers as a reddish mud containing 41 to 45 per cent. Se, 
whilst the hydrochloric acid holds up to 21'4 mg. Se per 
kilogram, "^he selenium is extracted from the mud by chlorine, 
which forms seltnious and selenic acid. Whffn the red colour 
has been destroyed the ma.ss is filtered, the filtrate is bailed 
with hiydrochloric acid, and the selenium precipitated by sodium 
sulphite. * 

Borntriiger * fcund in the red mud from Glover-tower g^id 
(nftade from Rio Tinto pyrites), after washing and drying, 
I2-6 o per centre (with 76-30 PbS04, etc.). Jle obtains the 
selenium from it by heating it in fireclay retorts at a red heat, 
with exclusion of air, as a black metallic sublimate, which is 
freed from AsjOj and Se02 by washing with strong caustic 
soda. 

Divers and Shimosd ^ found in sulphuric acid made from 
Japafte..e brimstone 0-37 gram tellurium and 0'i5 gram 
selenium per litre, and in the sediment from the same acid 
10-5 per jent. selenium and i-2 percent, tellurium. Shimose^ 
further detcribes the process* employed by him for separating 
selenium and tellurium, viz. neutralising the sediment with 
sodium carijonate, removing the selenium by digesting with con¬ 
centrated solution of potassium cyanide at a genfle heat (at 
first cold), diluting the mixture with wat^r, and heatiiirff nearly 
to boiling. The solution, containing the selenium, is treated 
with hydrochloric acid in order to separate the Sc ; on the 
other hand, the sediment from which the cyanide solution has 
been decanted yields tellurium by a treafrgent with sulphuric 
acid and a little nitric acid, and pas%ing H^S through the 
solution obtain£<l. ^ 

Koch (Ger. P,. 167457) recovers*selcnium from the deposits 
of the lead-chairfoers by treating it with* sulphuric aSid of 
moderate concentration (50° B6.) and potassium permanganate 
at 50 to 60°, adding NaCI, diluting the liquid, filt<ying#an (3 pre¬ 
cipitating the selenium from the filtmte bj* reducing-agents. 

ThrqjfalD purifies seJCfiKim by dissolving in nitric acii» 
boiling off the^excess of the latter, subliming the Se02, dis- , 
solving it in water and filtering, precipitating freS ^e by 

1 Dingf. polyt. J.y 247, 505. 2 Cifem. IVe 7 vs, No. 1256. 

® iftiul, No. 1260. ■* AVy. Soc. /’roc., 79, A, 167. , 

.. • • • 
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reduction with HCl and SOj, washing with water, again con¬ 
verting into Se02, and subliming this in a current of air in 
order to remove any traces of tellurium. Selenium after this 
treatment shows absolutely no Hg, only 0-000^38 per cent. 
As, and less than 0-01 per cent. Se02. 



CHAPTER HI 


THE PKOrERTIES AND ANALYSIS OF THE TECHNICALLY 
EMPLOYED OXIDES OF SULPHUR 

Sulphur Sesquioxide, S^O,,. 

Buchholz was the first to observe the formation of a blue 
solution when /lowers of sulphur was dissolved in Nordhausen 
sulphuric acid. Vogel found that the same colour was pro¬ 
duced with S and SO3, but Weber was the first to show that 
it was due to the formation of a new oxide of sulphur.' 

Sulphur sesquioxide is obtained by dissolving flowers of 
sulphur in an excess of sulphur trioxidc, cooled to 15°, when 
it forms bluish-green crusts resembling malachite. 

It forms a crystalline mass, which easily decomposes, 
especially on heating, into S and SO.,. * 

In moist air it absorbs water, giving a brown liquid which 
soon decomposes witl^ precipitation of sulphur. It is soluble 
in fuming sulphuric acid, producing a blue solution which is 
comparatively stable and may be kept in a sealed tube, but 
eventually decomposes giving a brown solution with liberation 
of SOj and a proportio*i of sulphur. 

The solution is used in the manufacture of certain colours. 

Sulphur Dioxiife, SO., 

(^Sulphurous Anhydride). 

• 

Sulphur dioxide is, at the ordinary temperature and pressure, 
a colourless gas of suffocating smell,^leither supporting com¬ 
bustion nor being itself combusW'bfe. Even when greatly 
diluted with air it has a very injurious action upon plants and 
animals. It conlains 50-05 per cent, by weight of sulphur and 

• ' 1875, pp. 'SS-SSl" 
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49-95 per cent, oxygen. Molecular weight 64-06 ( 0 =i 6 ). 
It.s specific gravity has been found by various observers, 
2-222-2-247 (air=i); calculated from the molecular weight 
2-21 36. A litre of the gas at 0° and 760 mm. pressure weighs 
2-8608 grams. Its coefficient of expansion is not e.xactly equal 
to that of air, tut rather larger, especially at Jower temperatures, 
namely for each i °, according to Aftiagat:— 


IJetween 0 ami 10 



0-004233 

„ 10 „ 20 



0-004005 

At 50 



0-003846 

„ 100 



0-003757 

„ 150 



. 0-003718 

„ 200 



0-003695 

„ 250 



0-003685 


Its specific heat, compared with an equal weight of water, 
is = 0-1544; compared with an equal weight of air = 0-3414. 
Mathias’ gives it between —20° and 4- 130“ as: 

0-31712 -I- 0-0003507/ + 0-000006763/2. 

Ratio of sp. ht. at constant pressure to sp. ht. at constant 
vol = 1-26. 

Formation. —Sulphur dioxide is produced by burning brim¬ 
stone, and by heating (roasting) many metallic sulphide.s, jn 
the presence of air ; by the action of strong mineral acids, 
on the sulphites, the thiosulphates, and ,all polythionic acids ; 
by heating sulphuric anhydride with sulphur, or by heating oil 
of vitriol with brimstone, qoal, organic substances, or certain 
metals ; by strongly heating the vapour of sulphuric anhydride, 
or sulphuric acid, with simultaneous fonnation of oxygen and 
water ; and by igniting many sulphates, whereby the sulphuric 
anhydride first liberated at^once splits up into sulphur dioxide 
and oxygen. 

According to Scott, when sulphur dioxi4e (mixtJ witir'CC.,V 
is to be made by the process mostly used on the* sma^l or 
moderately small scale, viz. that of heating sulphuric acid with 
charcoal, it is best to e>?ploy acid of 74 per cent. SO3 = 165° 
Tw. If stronger acid be Vsed, a portion of it is reduced to, 
sulphur, which may produce iron sulphide witl; the iron of the 
apparatus ; with weaker acid sulphuretted hydrogen is formed. 

’ Comptes rend., 119, 404. 
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In order to obtain the gas as pure as possible, the washing- 
water should be mixed with lead sulphate or coarsely powdered 
charcoal. 

Thus sulphur dioxide is produced from sulphuric acid or 
anhydride in many ways by processes of reduction. On the 
other hand, the sulphur dioxide passes over, even more easily, 
into sulphuric acid by oxidation processes ; and it is accord- 
ingly one of the most frequently used and potent reducing 
agents, 

Edward Hart ’ prepares sulphurous acid in the following 
manner:— 

Fuming sulphuric acid containing 30 per cent. SO.^ is warmed 
with lump sulphur. The sulphur dissolves, forming a blue 
solution, from which, on warming, sulphur dioxide is given off 
mixed with some sulphur trio.xidc. Evolution of sulphur 
dioxide ceases when all the sulphur trioxide has been acted on 
and the sulphur melt.s. 

The density of .saturated vapour of SO.^ (that is, in contact 
with liquid SO.,) at various temperatures (water of 0° = i) is, 
according to Caillctet and Mathias ■':— 


* Cent. 

PensiH/. 


Ci-iit. 


At 7-3 

0- 00624 

At 

100.6 

0.0786 

„ i6'5 

0-00858 

t) 

■23 

0.1340 

>, 24.7 

0-01 12 

J) 

130 

0- 1 607 

>, 37-5 

0-0169 

if 

'35 

0-1888 

45-4 

0 02 I J 


144 

0-2195 

58'^ 

0.0310 


152-5 

0-3426 

78-7 

0-0464 

»5 

154.9 

0*4017 

„ 91-0 

0.0626 

}) 

156 

critical point. 

The heat 

of formation of l 

gram-mol. of 

so., ( = 64 


grams) from ordinary (rhombical) sulphur is =71,080 cal. 
(Thom.scn), or 69,260 cal. (Berthelol*). 

^ B^,cooling with ice and salt, sulphur dioxide can be con- 
efensed ta a liquid* even withqut application of pressure. 
Liqukl" SO2 is a colourless mobile fluid, of about the same 
refractive power as watei* boiling at /-li''; t>ut on drawing 
it off»at the ordinary ten^jerature fijDm* a reservoir it remains 
liquid,for some time, the evaporation cooling it down below 

' / Amer. Cheth. S^oc., 1917, 39, 376; J. Chem. Soe., June 1917, 2, 
256. • 

^'Comp/es rend., 104, 1536. 
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its boiling-point. Its latent heat at o° is 9i-i*at iO° 88-7, 
at 20“ 84-7, at 30" 8o-*5. 

Its vapour-tension is :— 

At — 11 “ = o atmosphere overpressure. ^ 

=0-53 o )» 

„ 10 =1-26 „ 

„ 20 = 2-24 atmospliQj'cs „ 

»» 30 =3*5* n o 

„ 40 = 5*15 

The speeific gravity of liquid sulphur dioxide at various 
temperatures has been accurately determined by A. Lange ^ 
as follows ;— 


TfinipisraLurp. 

" 0. 

Specilic gravity. 

Teiiiperaturo. 
j " U. 

Spppific gravity. 

- 20'’ 

1-4846 

+ 20° 

1*3831 

- 10” 

1-4601 

25° 

1*3695 

- 5° 

1-4476 

30 

1*3556 

0 

1*4350 

. 35 ’ 

1*3441 

■t* 5” . 

1-4223 

40" 

1-3264 

10'' 

1-4095 

50’ 

1-2957 

15° 

1-3964 

60° 

1-2633 


Aetion of Light.— action of light on the formation pf 
SO,, from SO.j and O has been studied by Cochn and Becker." 

Action with Oxygen. —According tc> Berthelot, the com¬ 
bination of dry gaseous sulphur dioxide with dry o.xygcn under 
the influence of strong electrjc currents produces the crystallised 
anhydride of persulphuric acid S^O,. 

Action on Metals and Oxides. —Ma*y metals are attacked 
when heated in the gas ; potassium burns with formation of 
pota.ssium thiosulphate anjJ sulphite. Reduced iron or other 
iron containing little or no carbon is used in a finely divided 
condition for the preparation of hydrosulpljites and sulpfitf^yiT' 
ates. (German Pat., von Heyden, 304107.) . „ 

By heating metallic ^xidcs sucht as cupric oxide, bismuth 
oxide, mercuric oxide, "ihanganese dioxide, selenium dioxide, 
and lead peroxide in a current of the gas, sulphur dioxide . 
undergoes oxidation. Although the sulphate,of the metal is 

• 

*« 2 ’. ans^ew. Chem., i899,*p. 275. 

^ Z. physik. Chem., 1909, 70, 88-115. 
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one of the products of the reaction iii most of the cases, the 
actual change varies with the nature of the metal. 

Stannous oxide, lead monoxide, ferrous oxide, and man¬ 
ganous oxide behave similarly to the alkaline earth oxides 
in that sulphites appear to be formed as the primary product, 
which is subsequently transformed into a mixture of sulphides 
and sulphates. These oxfLies also have a reducing effect on 
the sulphur dioxide. 

Under certain conditions, by the action of light, of the 
electric current, or of a very high temperature and pressure 
combined, sulphur dioxide splits up into sulphur and sulphuric 
anhydride. A very important reaction is that between SO^ 
and sulphuretted hydrogen. When completely dry the two 
gases do not seem to act upon each other. Even in the 
presence of moisture no action takes place at temperatures 
above 400° (E. Mulder). At the ordinary temperature water 
and sulphur are produced, but at the same time also penta- 
thionic acid, according to the equation ; 

5SO^+ 5H,,S = + 5S. 

This action occurs simultaneously with the simple reaction ; 

SO,-|-2H^S = 2lLO-t3S, 

oile or other of these prevailing, according to the proportion of 
the two gases in the mixture. 

Behaviour towards'- Water. — Sulphur dioxide does not 
interact with exactly i mol. of 11^0 to form sulphurous acid 
proper, H^SO.,, but under certain conditions it yields a solid 
compound with much more water (9, 11, or 15 H.^O to SO.^), 
which has not yet been definitely investigated. Sulphur 
dio.xide dissolves pretty freely in water; and this solution 
behaves in every way as if it contahlied the real acid H.^SO„; 
.but,j4vcn at the ordinary temperature, the dioxide (SO^) 
evaporates constantly from it. One volume of water absorbs, 
und^r'ybo mm. pressure and at a", nearly 80 vols. S02. The 
coefficient of absorption,’according t^Bunsen and Schonfeld, 
at temperatures ranging between oVand 20°, is, 

79.789 - 2-6077/+ 0.029349/2 ; 

at temperatures befrt'cen ai° and 40°, 

75-182 - 2-1716/ + 0-01903/2. 
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The absorbed gas does not escape on freezing ; on boiling 
for a long time it is driven off completely. 

According to Jungfleisch and Brunei,* th*e final products of 
the reaction of SOj on water at temperatures up /o 160” are 
sulphur and sulphuric acid. The reaction is slower the more 
concentrated * the solution of the SOj and the lower the 
temperature. At low temperatures first hydrosulphurous acid 
and sulphuric acid are formed : 

3S02 + 2H,p = H.,S,0, + H.,.S0,. 

Later on, the hydrosulphurous acid decomposes into sulphur 
and sulphuric acid ; 

= s + H,so^. 

These two phases of the reaction .set in also at the ordinary 
temperature, but very slowly. All their e.xperimcnts were 
made in clo.sed tube.s, with exclusion of air. The decom¬ 
positions described are accompanied by secondary reactions. 
Forster'* investigated the stability of aqueous solutions of 
sulphur dioxide. 

From Bunsen and Schonfeld’s determinations, the following 
table is calculated by Harpf* for the solubility in water at 
normal atmospheric pressure :— 


Tempera¬ 

ture. 

*C. 

1 lit. water 

diMSOlVOH 
lit. JSOa- 

1 lit. water 
dissolves 
giams SOy. 

1 lit. .salur- 
ateii .'uiueous 
soliitum coll-* 
tairiH lit. yOj. 

ypecilicgiavity 
of atjueons 
hOliltlOU. 

Pit cent. SOa 
by weight 
m aipieoiLs 
solution. 

0 

79-8 

228 - 3 ' 

68-86 

1*0609 

18-58 

5 

67-5 

193-1 

59-82 

1-059 

16*19 

10 

56-6 

161-9 

51-38 • 

1-0547 

13-93 

15 

47-3 

135-3 

43-56 

1*042 

11*92 

20 

39-4 

112-7 

36-21 

1*0239 

10*12 


'W 


Free.se* has determined the solubility of sulphur dio^^ide in ^ 
water between 0“ and 40°, qpd the result* are given in gramS 
and in litres of gas dissolved per litre of water. At O' the 

solubility is 228-29, 10° i62-(3<>, at 20’ 112-90, at 25° 

• ’ 

* Comfites remi., 9th June 19^3. * * , 

Arl). </. Kais. Gesuiidheitsaints, 1914, p. 468 ; C/iem. Zeit., iJiSi i) 

447 - ^ • 

® Chem. Zeit., 14305, p. J36. • * < 

* Ibid., 1920, 44, 294 ; J. Chem. Soc. Abstr., June 1920, 2, 370. * 
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94-08, at 30' 78-67, and at 40° 54-11 grams per litre, which 
agree with Bunsen and Schonfeld's table given above. 

Another table' for the percentage of sulphur dioxide in 
solutions of't'arious sp. gr. at 15° is given by Scott':— 


IVr rent. SO*. 

Spt'fliic gravity. 

Per ciMit. SOj. 

. 

Spocilic gravity. 

0-5 

1*0028 

5-5 

1*0302 

1*0 

1*0050 

1*0085 

6*0 

1-0328 

1-5 • 

6-5 

I •0.553 

2*0 

I-OIIJ 

7.0 

1-0377 

2-5 

1 0141 

7-5 

1*0401 

.t'O 

i*oi6S 

8*0 

1*0426 

3*5 

1*0194 

S -5 

1*0450 

4-0 

1*0221 

Q *0 

1*0474 

4-5 

1*0248 

9-5 

1-0497 

5-0 

1-0275 

10*0 

1*0520 


II. Pcllett" determined the specific gravity of different 
solution.s, and has obtained results differing greatly from those 
given above. Me gives the following table of specific gravities 
of sulphurous acid solutions at 15° to 17":— 


Sulpluirous Acid 
in 1110 c.c. 

Specilic gravity. 

Siilpliiirous Acid 
111 ICO c.c. 

Spocillc gravity. 

I 

1-0075 

4 

1*0300 

2 

1-0150 

5 

1-0375 

3 

1*0225 

\ 

6 

1-0450 


He stated that he has rarely met with a solution having a 
greater specific gravity than 1-045 I5° to 17 - 

jHe shows that the ^maximum strength of aqueous solutions 
varies with the quality of the gas from which they are prepared, 
and that the purer the gas the stronger the solution. This 
explains the difference in the specific gravity of different solu- 
_Uoip/ each supposed to be saturated with sulphur dioxide. 
'Moreover., tlie strength of a solution saturated with sulphurous 
acid'o'btained from a gas rich in sulphur dioxide can be reduced 
by the introduction of a gas containing less sulphur dioxide. 

Sulphur Dioxide and. AlcohoL-\rA\co\\o\ absorbs consider¬ 
ably* greater quantities of sulphur dioxide than does water, 

1 Pharm. Soc.J. apd Trans.., ii, 217. 

2 Pull. Assoc, chim. Suer., '1901, 19 ( 6 ), 732-736 ; </. Soc. Chent. Ind., 
1962, p. 171. 
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and tlie table below gives the vol. calculated at N.T.P. absorbed 
by I vol. alcohol (Bunsen). 


■* c. 

SOj. 

“ c. 

so.„ 

• c. 

^ SOy 

0 

326*62 

9 

201-33 

. 

124.58 


311-98 

10 

I9<i3‘ 

■9 

119-17 

2 

295-97 

11 

179-91 

20 

114-48 

•5 

280*58 

12 

170 13 

21 

110*22 

4 

265 81 

13 

160 98 

22 

io6*68 

5 

251-67 

14 

152-45 

23 

103-77 

6 

238-16 

15 

144-55 

24 

101-47 

7 

225-25 

16 

137-27 

25 

99-81 

8 

212*98 

17 

130-61 

I 



Sulphur Dioxide and Ammonia. —Divers and Ogawa ’ state 
that, with cxce.ss of SO.^, ammosulphinic acid NII^SO^H is 
always formed, a pale-yellow-coloured compound, but with 
excess of ammonia the ammonium salt NH^- SO^NII^ of this 
acid is formed as a white substance ; but other investigators do 
not agree with the above: see Ephraim and Piotrowski." I he 
first named therefore made further investigations, and confirmed 
their findings.® 

The oxidising properties of sulphur dioxide are fully dealt 
wiih in an article by»Wardlaw and Clews.'* 

I'n investigation of the decomposing action of .sulphur®us 
acid on some rock-forming minerals has been made by I.otz.® 

Physiological Action of Sulphur Dioxide. 

% 

In an investigation on the injurious action of sulphur 

dioxide on animal and vegetable oi^anisms, Ogata '* found 

that 0-04 per cent. SO,^ caused difficulty in breathing after 

a few hours, and that h<^ could not take a single full breath 

of air containing *05 per cent. SO.^. It is an acute blood 

poison. , ' * *w--.** 

■* 

* Ckeni. Soc. Tram.., 1901, 7% I102. 

2 Bcr., 1911, 44, 379-3<6 ; J. Chcni. ft'ji'., 1911, 2, 275. 

^ Sci. Reports Tdkoku'Jmp. Univ., I 9 i 3 > 2, 121-129 ;y. Ckem. i>oc., 
1914, 2 , 264. • * * . 

* /. Ckem. Soc., 1920, pp. 1093, * 099 ) ''°* > ■- 45 - * 

® Rauch und Staub, 1913, p. 279; abstracted hi Ckem. /Celt. Rep., 
•913, P- 568- . 

® Arch. f. Hygiette, 1884, p. 223. • 
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A number of investigations on the bactericidal properties of 
sulphur dioxide and sulphides has been made by the German 
Imperial board 6 f Trade; abstracted in Z. angciv. C/iem., 

1913, 2, 580. 

Tatlock and Thomson, in a lecture given before the Society 
of Public Analysts,' point out that the incrd- fact of the 
presence of -sulphates in plants in excess of those which have 
grown in a pure atmosphere is no proof of any damage having 
been caused to the plants by the acids of sulphur; this they 
prove by the results of the analysis of plants from various 
localities. They conclude that such damage can be assumed 
to have taken place only if, firstly, the percentage of SO3 is 
considerably in excess of that which normally occurs in the 
plants ; and if, secondl)', on wetting its surface with water 
and litmus, a leaf or other part of the plant shows an acid 
reaction (phenolphthalein is not to be used as indicator). 

DETLCIION AN'U IsSTIMATION OF SULPHUROUS ACII) AND 
SuLfttuR Dioxide 

Qualitative Reactions of Sulphurous Add .—The sense of 
smell is a very good means for detecting the presence of SO^, 
when other odorous acids arc absent. Gaseous mixtures con¬ 
taining SO,, together with such acids are best passed through 
an absorbent, c.g. sodium carbonate, with which afterwards the 
ordinary tests for SO,, arc made. When such gaseous mixtures 
are passed through a solution of potassium permanganate, or 
of iodine in potassium iodide, these liquids arc decolorised. A 
test-paper, soaked in ai solution prepared by boiling 2 grams 
wheat-starch with 100 c.c. of water, and adding o-2 gram 
of potassium iodate dissolved in 5 c.c. water, is turned blue 
by SOj. The.se reactions may also te utilised for recognising 
'■..^'i^risence. of SO^^when set free from its salts by the action 
of sulphuric acid. One of the bes'c reactions, specially adapted 
for discovering SO^ in sulphuric'acid^itself, is its conversion 
into HjS by means of pure zinc, or, p>-eferably, aluminium in 
an adid solution. The H^S is then'recognised by its reaction 
on lehd paper, or by the purple colour produced in an 
ammoniacal solution of sodium nitroprusside 

* Abstracted in Chem. Trade _/., 1914 , 54 , 390 . 
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A solution of a sulphite, either neutral or wiih addition' of 
some sodium bicarbonate {just acidulated with acetic acid), 
when poured into a solution of zinc sulphatS containing a little 
sodium nitroprusside, produces a red colour oi^ precipitate, 
either at once or, if very little SO^ is present, after adding some 
potassium fAricyanide. This reaction is, not given by thio¬ 
sulphates, which are, moreover, distinguished from sulphites by 
their giving (generally only after a little time) a precipitate of 
sulphur on being treated with a stronger acid. According to 
Reinsch, SO^ can be detected by boiling the acid solution with 
a strip of clean copper, which is thereby blackened. This is 
caused by the formation of cupric sulphide, and the colour is not 
changed by heating the strip in a glass tube ; but when the 
colour is produced by arsenic, there is a sublimate of white 
arsenious acid formed in the tube. 

According to Schutzenberger, sulphurous acid contained in 
a solution can be recognised by adding a drop of indigo solution 
and agitating with a zinc rod ; owing to the formation of hypo- 
sulphurous acid (Schiitzcnberger's “ hydrosulphuric ” acid), 
HSOj, the blue colour will be destroyed, but will quickly 
reappear in contact with the air. 

Very small quantities of sulphurous acid, e.g. in parts of 
plants damaged by acid smoke, can be detected ^ by digesting 
the very finely cut-up material during two days with cold water, 
with exclusion of air, adding to the ext<-act thus obtained iodic 
acid, and shaking up with chloroform, which if SO^ is present 
acquires a purple colour. . 

Seidell and Meserve find extremely small quantities of SO., 
in gases as follows :—2^ litres of the ^as are mixed in a bottle 
with starch solution, with which the walls of the bottle are 
moistened all over; then,i/i000 normal iodine solution is run 
in, until a blue colour appears. If the gas contains four to ten 
vols. SOjj in a million vols., the colour appears when 76 
per cent, of the SO^ has beefi consumed. 

Deniges® dips a glass rod ipto a solution of mercuric 

sulphate, and expo.ses it to the air to be tested. If any 

• • • 

* Stefano, C/tem. Zentr., 1914, i, 516. • 

® J. Ind. Eng. Chon., 1914, p. 298. , * 

^ Bui/. Soc. Bharm. Bordean.v, 54, ^45; J. Soc. Chon. Ind., 1915, • 

p. 149. 
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SCj is presen'c, characteristic crystals of mercurous sulphate are 
formed. 

The quantitatiVie estimation of .sulphurous acid in the free 
state can be ^performed cither as will be described in the case of 
sulphite.s, or by titration with standard sodium hydroxide. In 
the latter case, hovvever, it must be noted that 'the point of 
neutrality is reached with (ijhenolphthalein as indicator when 
the normal salt, Na._,S08, has been formed, so that each cubic 
centimetre of normal alkali (containing 0'03i NaOH) indicates 
0-003203 gram SO.^. But when employing methyl-orange as 
indicator, the point of neutrality is reached exactly at the 
formation of NaliSOj, so that each cubic centimetre of normal 
alkali indicates 0-06406 SO^. Litmus gives uncertain results, 
and is therefore u.selcss as an indicator. It is therefore possible 
to estimate free SO^ in the presence of stronger free acids in 
the following way ; one portion of the liquid is titrated with 
methyl-orange, and another with phenolphthalein as indicator; 
in the latter ca.se more alkali will be used, and the difference of 
cubic centimetres of normal alkali, multiplied by 0-06406, shows 
the quantity of free SO^ present. 

The acid sulphites are neutral to methyl-orange, which con- 
.sequently enables us to estimate any SO2 present over and 
above NallSOj. The SO2 present in the NaHSOj itself can 
be titrated with normal soda and phenolphthalein, each cubic 
centimetre of normal ^kali indicating 0-06406 SOo. Normal 
sulphites, like NajSOj, can be titrated by means of methyl- 
orange and standard hydrochloric or sulphuric acid, the red 
colour appearing when NallSOj has been formed, so that each 
cubic centimetre of standard acid indicates 0-06406 SO.2. 

Other methods of estimating SO2 either in the free state or 
in its salts are based on its reducing ^properties. The reagents 
serving for this purpose are either a standard solution of iodine 
'■ijiX'iivfc'of potassium,permanganate. A decinormal solution of 
either mdi^ates per cubic centimetft 0-003203 gram SOj. The 
method to be rccommendecl, for testing,gaseous SO2 in burner- 
gas will be described when treating of fehat gas in Chapter IV. 
Special attention must be ‘drawn to fhe necessity of employing 
wateryw from air in estimating SO2. This is not necessary if 
the solution of the sulphit? or sulphurous acid is run into the 
solution of iodine. * 
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Victor Copetti' states that the gravimetri?: method ' of 
Haas for the estimation of sulphurous acid, which consists 
in expelling the sulphur dioxide from flie solution under 
examination by distilling in an atmosphere of carbon dioxide, 
absorbing the gas in a solution of iodine, and weighing the 
resulting sulf)huric acid as barium sulphate, gives accurate 
results volumetrically if means ai« taken to prevent loss of 
iodine by volatilisation in the current of carbon dioxide. For 
this purpose, an apparatus is described consisting essentially of 
a 300 c.c. flask to contain the iodine solution, to the bottom 
of which extends the gas delivery tube from the distillation 
flask. Surmounting the flask is a spherical absorption vessel 
containing N/iO thiosulphate solution, through which the 
carbon dioxide and iodine vapours leaving the flask must pass. 
When distillation is complete, the thiosulphate solution con¬ 
taining all the volatilised iodine is allowed to run back into 
the flask and the exce.ss of iodine in the latter is titrated 
back with standard thiosulphate solution. 

Kolthoff ^ also states that the accuracy of the iodine method 
for estimating sulphurous acid depends on adding the sulphur¬ 
ous acid to the’ iodine solution and not vice versa. Errors arc 
caused by oxidation by the air ; sodium carbonate and hydro- 
chkrric acid increase these errors. Potassium iodide acts 
similarly, owing to its being a catalyst in the oxidation process. 
Mannitol, sucrose, and alcohol do not iticrease the accuracy of 
the determination. 

Kedesdy ® confirms Ijingc’s statementthat methyl- 
orange changes its colour e.xactly at the point where the 
bisulphite has been formed : • 

H^SO^ + NaOlI = NallSO^ -1- H.^O. 

When employing phenolphthalein for titrating free sulphuric 
acid, the red colour appears only when all the suJphuritujj^cjji. 
has passed over into the normal salt, ^^a„S03; but in tins 
case the change of c^lour*is quite gradual, and the fitfation 
with this indicator is pot exact. Ife, therefore, prefers oxidis¬ 
ing the sulphurous acid by hydrogen peroxide into sulphuric 

* Ann. Chim. anal.., 1921, 3, 327-330; J. C/iern. Soc., 1922, 2,*So. 

^ Pharm. Weekblad, 1919, 56, 1366-1373 ; J% Soc. Chem. Ind., 1919, 
p. 815A. • * 

® Chem. Zeit., 1914, p. 601. 
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acid, which pVocecds readily at the ordinary temperature, and 
then titrating with normal caustic-soJa solution and methyl- 
orange. This inefhod is especially suitable for estimating the 
sulphurous ^cid in fuming oil of vitriol. 

The reaction between iodine and sulphurous acid has 
been studied by Ro})ert Milroy Macaulay,* and life conclusions 
are as follows: 

Sulphurous acid is quantitatively oxidised to .sulphuric acid 
by N/io iodine, without separation of sulphur. The inter¬ 
mediate formation of the yellow compound SO^HI which 
occurs in solutions of moderate concentration, has no influence 
on the final result. 

The low results obtained when sulphurous acid is e.xposed 
to the air during the titration are due entirely to evaporation 
of sulphur dioxide, the amount of atmospheric oxidation being 
negligible. 

Sodium sulphite solution is more readily oxidised than 
sulphurous acid ; con,scquently atmospheric oxidation is a dis¬ 
turbing factor when sodium sulphite solution is titrated with 
iodine. Since the reaction between sulphurous acid and 
iodine is not reversed under the .state of dilution obtaining in 
volumetric analysis, the addition of sodium hydrogen carbonate 
to ^neutralise hydriodic acid, as when .solutions of arsenious 
compounds are being titrated, is unnecessary; and since a 
sulphite solution is so#quickly oxidised it is not necessary to 
allow a time interval for such oxidation by iodine to be 
completed. 

Liquid sulphur dioxide, according to Papier-Zeitung, 1892, 
No. 62, sometimes contains up to 20 per cent, sulphuric acid. 
It can be tested in exactly the same manner as solutions of 
sulphur dioxide. A special apparatq^ for the analysis of liquid 
sulphur dioxide is described in Fr. P. 435763 of the Comp, 
^roc. R. Pictet.^ 

Sender,’ on titrating sulphurous acid with decinormal caustic- 
soda solution, found that ^the values obtained with methyl- 
orange as indicator agree very well whh those obtained by 
titrating with iodine, but tfie application of phenolphthalein as 

1 J. Chem. Soc., 1922, pp. 552-6. 

2 y? Soc. Ckem. Ind., 1913, p. 412. 

Chem. Zeit., 1914, p. 1057. 
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indicator gave no good results. But since even ‘with methyl- 
orange the change of colour is not so sharp as in the case of 
other acids, he prefers oxidising the SO^ perfectly neutral 
hydrogen peroxide, and titrating the sulphuric ^id formed. 
This can be done with the utmost accuracy. In Z. angciv. Chem., 
1915, p. 10, tie recommends oxidising the by boiling with 
a solution of mercuric chloride in very dilute solution. 

Jamieson* titrates sulphurous acid with potassium iodatc in 
the presence of hydrochloric acid and a little chloroform (method 
of Andrews). 

Craig'* gives the following method for determining sulphur¬ 
ous acid volumetrically, which depends upon the following 
reactions:— 

(1) 803 + 11^2 = ^220.1! 

(2) 511.30., + 2KMnO^+ 311.380^= 1+380^+ 2 Mn 80 , + 8H30 + 5O.3. 

A solution of the sulphurous acid, sulphite or bi.sulphite, is 
added to a known excess of acidified hydrogen peroxide, and 
the residual hydrogen pcro.xidc is determined by titration with 
standard permanganate. 

Samples of sodium .sulphite, potassium metabisulphite, and 
commercial sodium Ifisulphitc liquor were employed to test the 
method. It was found that the action of hydrogen peroxide on 
sulphur dioxide is best carried out in a^ .solution which is not 
too dilute ; afterwards the liquid may be diluted before titrating 
back with permanganate. , 

Proposed Method. —One gram of the sample is dissolved in 
from 25 c.c. to 50 c.c. of distilled w’atcr«and gradually added to 
a decided excess of standardised hydrogen peroxide—an excess 
equal to about lO c.c. of N/2 permanganate should suffice. 
The amount of hydrogen peroxide taken is noted and stated as 
its equivalent in c.c. N/2 solution—say .r c.c. lO^c.c. of (Ai,bite-' 
(1:3) sulphuric acid is now gi-adually run in and the Vhole^well 
mixed. The mixture js cdbled t(j the ordinary temperature 
and the residual hydrogen peroxide determined by titration 
with N/2 permanganate. ® The voliTme of the permanganate^ 
used is noted =_y c.c. Then x-y = c.c. of N/2 permanganate 

• 

. ! Amer.J. Sci., 1914,* 38, 166. , 

2 /. Soc. Chem. Imi, 1919, p. 96'r. 
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equivalent to* the sulphur dioxide present in the portion taken 
for analysis. 

Since sulphites and bisulphites in dilute neutral or acid 
solution rapidly deteriorate, as short a time as possible should 
be allowed to elapse between dissolving the sample in water 
and adding it to the hydrogen peroxide. Alkaline sulphite 
solutions do not deteriorate so quickly. The hydrogen per¬ 
oxide solution is standardised by titrating lO c.c. (of “ lo 
volume” solution) with N/2 permanganate under conditions 
similar to those in which the analysis is made. The method 
was tested with samples of sulphite, metabisulphitc, and 
bisulphate, and in all cases the results agreed excellently 
with those found by the iodine method. 

Instead of oxidising with hydrogen peroxide, other oxidis¬ 
ing agents, such as chlorine, bromine, and iodine, have been 
employed. 

Sulphur dioxide may be pre.sent in a gaseous mixture along 
with hydrogen sulphide provided that these gases are very 
greatly diluted by inert gases (as in the exit-gases from the 
“Claus kilns”). In such cases, it can be estimated by passing 
the gases through a solution of I in KI, followed by a solution 
of caustic soda or, preferably, sodium thiosulphate. The 
iodine oxidises H^S into H .,0 -f S, and SO^ into H,SO^; 
hence the acidity of the solution is not affected by II.,S, merely 
by SO^. On the other jiand, each cubic centimetre of decinormal 
iodine indicates 0-003203 gram of sulphur in either case, so that 
the difference between the iodometrical and the alkalimctrical 
test gives the I I^S present. The addition of a tube w'ith sodium 
thiosulphate solution istnecessary, because the gaseous current 
carries away some iodine which is retained in that solution ; 
the latter, before titrating the iodine solution back, is added 
to it.* 

■ r 

Applications orsulphurous Acid (Sulphur Dioxide). 

■ X • , 

The greatest quantity of is prodivted for the manufacture 
of sulphuric acid. Next to this in importance comes its use 
for th*e manufacture of woo'd-pulp, mostly in the state of calcium 
bisulphite (or a i^olutlon of CaSO^ in an excess of sulphurous 
acid). One of the oldest yses of sulphur dioxide, obtained by 

* Details in Lunge’s paper,/. Soc. C/tem. November 1890. 
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burning sulphur, is that of a disinfecting and antfceptic agent. 
For the former purpose it is not so much valued now as 
formerly, since it has been shown that mfcny disease-germs 
resist the action of SOj for a long time. The antiseptic 
function of SOj comes into play in the fumigation of wine- 
casks, in the* manufacture of glue (where it acts also as a 
bleaching agent), and in many othes cases. 

In the textile industries sulphurous acid is largely used as a 
bleaching agent, especially for wool, silk, straw, etc. It is not 
quite certain in which way it acts in this case, possibly by 
forming a compound with the colouring matters contained in 
the fibres. Formerly it was generally assumed that the SO2 
in bleaching acted as a reducing agent, which indeed must 
be true in some cases, although probably not in all. 

The reducing functions of SOj arc utili.sed in chemical and 
metallurgical operations in too many cases to be enumerated 
here. 

The use of SO2 in any form is said to be advantageous in 
wine-making, and metabisulphite gives .somewhat better results 
than the other preparations used. 

Sulphur Trioxide SO3 

(^Sulphuric Anhydride). 

Properties .—Consists of 40-05 pafts»by weight of sulphur, 
and 59-95 of oxygen. 

It is a white, silky-looking, crystalline substance melting at 
14-8° and boiling at 46-2°. It is very vofatile and gives off 
dense white fumes in contact with air, ewing to the combina¬ 
tion of its vapour with atmospheric moisture to form sulphuric 
acid. It combines with ^ater with great energy to form 
sulphuric acid ; a fragment of the compound dropped into 
water dissolves with a hissing sound rcscmt>ling the quetfeW-^g^- 
of red-hot iron. ’ 

When brought into contact witli, the skin or other organic 
matter containing hyd»ogen and oxygen, it abstracts these 
elements and produces a burnt or Jharred effect upon*the, 
substance. Sulphur trioxide unites directly with barium oxide, 
yielding barium sulphate, and if the, baryta be dry the mass 
becomes incand&cent, owing to the heat of the'union. 
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' When th6 vapour of sulphur trioxide is passed through a 
red-hot tube, it decomposes into sulphur dioxide and oxygen. 

The rate of deiomposition at 809° has been determined by 
Bodcnstcin ^nd Kranendieck,' 

When sulphur trioxide is heated, it melts to a colourless 
liquid, which exhibit.sa remarkably high rate of expansion by heat; 
between 25" and 45'" its me«n coefficient of expansion is 0-0027 
—nearly three-fourths of the expansion coefficient of a gas. 

Several investigators have come to the conclusion that there 
are two different modifications, whilst Weber ascribes formation 
of the modification resembling asbestos to a minute trace of 
water. 

Litchy' agrees that two modifications are known, “ a ” 
which has a definite melting-point, and the " /3 ” form which 
volatilises without melting. The "a" modification, prepared 
by repeated distillation over phosphorus pentoxide in vacuo, 
fuses at 16-79°; its boiling-point at prc.ssurcs of 740-7 to 
744-5 mm. is 44-23” to 44-36”, corresponding to a boiling- 
point of 44-88° at a pressure of 760 mm. The sp. gr. was 
1-9457 at 11-8°, and 1-7921 at 48°; the coefficient of 
expansion 0-000676 at 11-5°, and 0-002805 at 40° to 48°. 
Nowhere between 11° and 45° was the volume contraction 
observed which Schenck ^ asserts to take place at 35°. The 
other modification of SO3, designated as the “ ” form, is the 

ordinary product, who.se molecular weight is the same as the 
liquid “a" modification, viz. = 80. 

Weber describes his preparation as absolutely pure and 
free from water. At the summer temperature it is a very 
mobile, colourless liquici, which, on gradually cooling, solidifies 
to long, transparent, prismatic crystals. These crystals melt 
at 14-8° and boil at 46-2°. , 

.0 

-The structural formula for sulphur trioxide is 0 = S.f . 

Oddij suggests for S^Oj, .Sif " 

O' 0 ^ '^O 

% 

' Z. physik. CMii., 80, i48-t58 ; /. Cke/n. Soc., 1912, 2, 747. 

^ J. Amer. Chem. Soc., 191-2, 34, 1440-1448. 

^'Annalen, 316, 1. 
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Sulphur trioxide is said to volatilise at abou? 50°, being 
converted into “ a ” modification by distillation. 

According to Giraud/ the vapour of sulphftjiic anhydride at 
the moment of its being formed has the simple formula SO3. 

The heat of formation of I mol. of SO3 ( = 80'06 parts by 
weight) from S and Og is= 103,230 cals.,(Thomsen); from 
SO,+0 = 34,400 cals, in the solid».state, or =22,600 cals, in 
the gaseous state (Berthelot). The heat of vaporising i mol. 
SOg is =11,800 cals.; that produced by dissolving I mol. 
SO3 in a large quantity of water =39,170 cals. (Thomsen). 
I kilogram SO3 liberates 500 cals, when dissolved in water, 
300 cals, when dissolved in 66° B. S/Acid. 

The thermal properties of liquid SO3 are fully dealt with 
in a paper by Porter.* 

The sp. gr. of pure sulphur trioxide is given by Litchy as 
follows:— 


'C. 

Sli. gr. 

"C. 


II-S 

1-9457 

30 

1-8798 

15-0 

1-9422 

i 5 

1-8569 

20-0 

1-9229 

40 

1-8324 

25-0 

, 1-9020 

45 

1-7921 


The coefficient of expansion was determined for several 
intervals of temperature between 11-8° and 45° ; it was found 
to be 0-002005 at 15-20°, and 0-002671 at 35-40°. 

Forination of Sulphur 7 'rioxide .—This eompound is pro¬ 
duced when a mixture of sulphur di(j.xide and oxygen (or 
atmospheric air) is passed over spongy platinum or platinised 
asbestos. On leading the product through a well-cooled 
receiver, the sulphur trioxide condenses in white silky needles. 
This method is now successfully employed on a commerciaksqale. 

A process for making sulphur trioxide is described by* 
W. H. Seamon, Texas (U.S. P. 1292089), the compound being 
produced by fusing a jnixture of *^dium sulphate, calcium 
sulphate, and silica in the absence of. a reducing environment 
to avoid excessive decomposition of the sulphur tric«dde * 
formed. , • 

* Comptes rend.' 1913, p. 395. ^ Trans. Faraday Soc., 191-8, 13, 373. 
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Pure “ Monohydrated ” Sulphuric Acid, H2SO4. 

Properties of fare Sulphuric Acid .—Sulphuric acid con¬ 
taining 81-63 pc cent. SOj and 18-37 per cent, of water 
ha.s the rational formula, 

/OH 

S04 

OH 

It is a limpid, colourless, oily liquid. The sp. gr. at 0“ is 
1-854 ; at 15° (compared with water at 4”) 1-8384 (Lunge and 
Nacf), 1-8378 (Schertel), 1-8372 (Marignac, F. Kohlrausch, 
Mendelejeff). 

The sp. gr. changes per degree as follows :— 

i-ooo-i- i7o = -ooo6 
I-170-1 ^soa-ooo? 
i-45o-i.58o-^.oooS 
i.58o-I'75o —.0009 
I.750-I-820 —.ooio 
i- 83 o-i. 84 o = -ooo8 

The addition of very little SO.^ or of a small amount of 
water causes the specific gravity to increase. 

The pure monohydrate solidifies when cooled to 0° and 
forms large, plate-shaped crystals, which melt at 10-5''; they 
remain liquid much below that temperature, but solidify on 
agitation, or even better when a fragment of the solid hydrate 
is introduced. 

The acid begins to boil at 290°, but the boiling-point rises to 
338° (Marignac). ’ This shows that it does not distil unchanged ; 
in fact, a mixture of hydrated acid, anhydride, and water passes 
over. This dissociation begins much earlier ; the pure mono¬ 
hydrate produces fumes giving off SO,, very slightly even at 
the ordinary summer temperature, distinctly at 30° or 40°. 
Aototdingly it cannot be obtained by boiling down or distilling 
the dilute acid, but only by adding an exactly sufficient quantity 
of anhydride to the strongest acid'obtainable by concentration, as 
is often done on a commercial scale in large quantities. 

‘The vapour of sulphflric acid consists for the most part, or 
even entirely (according to the temperature), not of molecules 
of HjSO^, but of isolated molecules of SOj and HjO ; theory 
would give to- HjSO^ (2 vols.) a vapour-dctisity of 3-3862, 
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for separated molecules^of SO3 and H.^O (4 voFs.) a vapour- 
density of I-693I, whilst Deville and Troost at 440° found 
it actually = I •74. The dissociation is thertjfore nearly com¬ 
plete in the state of vapour.* ^ 

Oddo and Anelli * found the vapour-density of absolutely 
pure HoSO^ lather higher than calculated for this formula, 
which proves that some molecules »f (HjSO^)^ are i)resent, as 
well as H2SO4, SOj, and M2O. In solutions they assume the 
sulphuric acid to be always present as the dimeric molecule 
(H.iSOj)^, but nitric acid as the simple molecule IINO3. 

Further detailed investigations on the properties of absolutely 
pure H2SO4 have been made by Litchy ^ and by Hantzsch.* 
The heat of formation of 98 parts of H^SO^ is :— 



jAqUld. 

III diluted soIuLiuns. 

From SO2, 0, II.,0 

54,400 

72,000 calorics 

s, (VILO. 

124,000 

141,000 ,, 

„ .s, O4, 11.4 . 

193,000 

210,000 ,, 


Formation .—It has been asserted that sulphuric acid is formed 
in damp flowers of sulphur, even at the ordinary temperature ; 
thi> is certainly the case on heating sulphur with water, or by 
applying the electric current. Sulphur is easily oxidised to 
sulphuric acid by chlorine, hypochlorous^acid, nitric acid, aqua 
regia, etc. It is produced, together with sulphurous acid and 
sulphur, from tri-, tetra-, and pentathionic acids—from the 
former by merely heating, from all three‘by the action of 
chlorine or bromine, or even on the prolojiged action of stronger 
acids, which set the thionic acids free ; also the thiosulphates 
are decomposed by most acids into SO2 and S. 

Mostly sulphuric acid *is produced from sulphur dioxide. 
The aqueous solution of the latter is gradually fransformed 
into sulphuric acid by the action of the air alone, and’ it is ^so 
transformed at once by fhlortne, bromine, iodine, hypochlorous 
acid, nitric acid, and sqveral metallu* salts such as manganic 
’ Dittmar, C/iem. News, 20, ?58. 

2 Gasz. C/ittn. Ital., 19U, p. 552 ; Chem. Zeit., 1911, p. 846. * 

*/. Amer. Chem. Soc., 1908, 30, 1834-1846. , * 

■* Z. fihysik. Ch^in., 1907, 61, 257-312*; Chem. Zeit., 1908, i, 1240- 
1242. • * 
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sulphate, mercurous nitrate, etc. Sulphur dioxide and oxygen 
conducted through a red - hot tube containing platinum, 
platinised asbestos, ferric oxide, and a number of other 
substance.s, yield sulphuric anhydride, or in the presence of 
water sulphuric acid. This reaction, which was formerly only 
of scientific interest, has become of the greatest technical 
importance, and is, according to some opinions, destined to 
supersede the formerly universal and, up to this, most general 
process of making sulphuric acid from sulphur dioxide, air, and 
water by means of nitrogen oxides as oxygen carriers. 

Sulphuric Acid containing Water. 

Sulphuric acid combines with water in various proportions, 
forming a number of hydrates of a more or less definite 
character. The best known are those represented by the 
formula,' H^SO^, HjO, and H2S0^,2H„0. These compounds 
may be regarded as respectively tetrabasic and hexabasic 
sulphuric acid, and their relation to the ordinary dibasic acid 
may be expressed by the following formula;:— 

H...SOj or .SO„(OH)„. 

H"sO, or H.,.SOj,H .,0 „ SO(Oll),." 

H,so;: „ n;so,,2ri,o „ s(oh),. 

The double hydrate, H2S0^,H„0 crystallises from rather 
more dilute acid—fof instance, acid of 144° Tw. in the cold. 
It contains 84-48 monohydrate + 15-52 water (or 68-97 
anhydridc+3 I-05 water), melts at + 8°, but owing to super¬ 
cooling generally only solidifies below this temperature (for 
instance, in the dcptl/of winter); at 205' to 210° it already 
loses I mol. H^O and leaves ordinary oil of vitriol behind. 
The crystals form large, clear, hexagonal columns with six- 
pointed end-faces. Sp. gr. 1-78 to 1-79- By the crystallisa¬ 
tion of t,hi# hydrate carboys are often cracked in winter; acid 
of*';44° Tw. and the like ought, therefore, only to be warehoused 
in places where the temperature will not sink too low, for 
instance under the acid^-chambers^ Stronger or weaker acid 
candle exposed to the cold of winter without any danger. 

Another hj*drate, Hj,S0^,2H20, is assumed, because, on 
diluting strong vilriol \wth water down to this point (that is, 
corresponding to 73-13 per cent, monohydrate, or 59-70 per 
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cent, anhydride), the largest contraction, viz. from'ioo vols.'to 
92-14 vols., takes place. Bourgoin * infers the same from 
observations on electrolysing dilute vitriol.* The density of 
this mixture is variously stated by different observers :—by 
Graham at i'632i ; by Bineau, 1-665 ; by Kolb, 1-652 ; by 
Jacquelain, 1-6746. According to Liebig.it boils at 163" to 
170° ; between 193° and 199“ it IcBes i mol of water, and is 
changed into H2S0^,H20 (Graham). 

Pickering^ has obtained a hydrate of the formula H^SO^, 
4H2O, containing 57-67 per cent, real sulphuric acid. It 
fuses at — 25°. By adding a little water or sulphuric acid the 
fusing-point is at once lowered to — 70°. 

The work of Pickering on the solidifying-points of mixtures 
of water and sulphuric acid has been extended by Giran.^ He 
established the solidifying-points of mixtures containing from 
68 to 70 per cent. HjSO^, and found a hydrate, HoSO^,2H20, 
as well as two eutectic points. 

Donk * has obtained crystalline sulphuric-acid monohydrate, 
H,2.S0^,H,,0, by mixing 40 parts of lead or barium sulphate 
with 60 parts of 85 per cent, sulphuric acid, and setting the 
mixture away at 0° overnight. A portion of the crystalli.sed 
mas'- thus obtained is then used for seeding or inoculating a 
new portion of 85 per cent, sulphuric acid, which has also been 
kept overnight at 0°, when the acid rapidly crystallise.s. The 
crystals are monoclinic. Crystallised H2SC^4 similarly obtained 
by seeding 99-9 per cent, sulphuric acid with a portion of a 
solidified mixture of 60 grams 99-9 per c^nt. sulphuric acid 
and 40 grams of lead sulphate. Crystallised H^SO^ is more 
difficult to obtain than crystallised PP^SO^.H^O, and is not 
formed if the aeid is weaker than 99-50 per cent. 

Jorissen’’ .states that hg prepared crystallised H.,S0^,H20 
(85 per cent. H^SO^) by cooling 84-0 per cent, and 83-3 per 
cent, solutions in melting ice. Nearly IQO per oent. l'I„SO^, 
may be made to crystallise by cooling 200 c.c. fuming o(l.-of 
vitriol (containing 7-5 fier cent. SC^), mixed v ith 50 c.c. 93 
per cent, sulphuric acid, in ice. ^ 

* Bull. .Soc. Chim. [2], 12, 433. * 

“ Chem. News, 60, 68. s JIull. Soc. Qhivi., 1913, 13, 1049. 

'* Chem. Weekblmi, 10, 956 ; Abstr. Am*Chem. Soc.. 1914, 2, 1926. 

® Chem. Weekblad, 10, 962 ; Am. Abstr., p. 3540. 
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A scries *of curves illustrating the properties of sulphuric 
acid of various degrees of concentration as given by Knietsch ^ 
is shown below,'Fig. 13. The boiling-point curve shows 
a sharp apfx at 98-3° per cent. ; below this, water or dilute 
sulphuric acid ; whilst above this, sulphuric anhydride is 
volatilised until in. either case the constantly-boiling acid of 
98-3 per cent, is reached. • The vapour-tension at that critical 
concentration is zero, measured at lOO^ in a vacuum ; the 
specific gravity of hydrated acid here reaches its maximum, 
from which it descends in both directions; the electrical 
resistance at this point begins to increa.se suddenly towards 
a maximum reached at nearly too per cent. HjSO^. In 
connection with this, it may be mentioned that the action upon 
iron decreases, which is of great importance for the durability 
of apparatus [cf. below). 



Pm. 13, 


T[n Fig. 13, curve i, markefi —t—, shows the melting- 


points ; curve 2,- - the specific .gravities at i 5°, - 

at curve 3,-, the specific heats ; curve 4, 


thetieat of solution ; curve 5, 0 — 0 — 0, the electric resistance 
at 25°; curve* 6^ -|——, the boiling-points; curve 7, 

‘ hW., 1901, p. 4089. 
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. ^_I- ■ — ,the vapour-tensions at 1 00°; curve 8,*— -o-o- —, 

the viscosities (times of* outflow) ; curve 9,-, the 

capillarity ; curve 10, -l-l-l-l-l-l-l-*, the action upon 

iron. f 

The specific gravity of commercial acids, owing to the 
presence of impurities, is always higher th,in that of the pure 
acid ; but, apart from this, the cor»ectness of ordinary hydro¬ 
meters is rarely of a very high order. Still, it must be 
conceded that in Plngland, at least, there is a possibility of 
making the hydrometers all alike, the basis of Twaddell’s 
system being plain and unmistakable, since every degree is 
equal to a difference of 0-005. But matters are far worse on 
the Continent and in America, where Baumd’s hydrometer is 
almost universally used ; unfortunately, the degrees of this 
instrument, as stated by various authorities, answer to very 
different specific gravities, and those of the instruments found 
in trade often show even far greater deviations. The only 
rational hydrometer on Baum^’s system which rc.sts on a 
mathematical basis, and which should therefore be always 
obtainable with a uniform scale, is that graduated according 
to the formula 


where d signifies any special density (jpecific gravity), and 11 
the degree of the scale corresponding to it. (Ihc mathematical 
deduction of this formula is "iven in the first edition of Lunge’s 
work, pp. 20 and 21.) This scale is flow also generally 
accepted in Germany and France. According to the U.S. Bur. 
Stand., No. 69, quoted in Chem. Abst. Cheni. Soc., 1916, p. 
1720, the Bureau in 1904 adopted for liquids heavier than 
water the formula * 

Degrees Be. = 145 to i45/(/ at 6<j/6o” F. . 

• 

This was confirmed in 191^ 

VVe therefore give, herewith, a tcthle showing the value of a 
degree Baumd according tp the rational scale, to Gerlach’i, and 
to the American scale ;— 


. [Table 
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Comparison of BaumCs Hydrometers ivith the 
, Specific Gravities. 



Ititional 


U 

c V 


national 

.-PIc- 

c 2 


Ilji]ioniet«T, 



1 

Ilydioim-tpr, 

£ 1 « 



144 -a 

3 ti: 


, 141-3 




141 i-n 

a' 5 -' 

fc -c 

(S 

144 3 -M 

CD So 





5 




K 

I 

1-007 

i-oo6S 

1-005 

36 

1-332 

1-3250 

1-334 

2 

1-014 

1-0138 

l-OII 

37 

1-345 

1-3370 

1-342 

3 

1-022 

1 -0208 

1-023 

38 

1-357 

1-3494 

1-359 

4 

1-029 

1-0280 

1-029 

39 

1-370 

1-383 

1-3619 

1-368 

5 

1-037 

1-0353 

1-036 

40 

1-3746 

1-386 

6 

1-045 

1-0426 

1-043 

41 

1-397 

1-3876 

1-395 

7 

1-052 

1-0501 

1-050 

42 

1-410 

I-4009 

1 - 4 I 3 

8 

I-060 

1-0576 

1-057 

43 

1-424 

1-4143 

1-422 

9 

1-067 

1-0653 

1-064 

44 

1-438 

1-4281 

1-441 

10 

1-075 

1-0731 

1-071 

45 

1-453 

I-4421 

1-451 

11 

i-oSj 

i-o<Sio 

i-o86 

46 

1-46S 

1-1564 

1-470 

12 

1-091 

1-0890 

1-093 

47 

1-483 

1 - 47 H) 

1-480 

13 

I-IOO 

I 0972 

l-IOO 

48 

1-49S 

1-4S60 

1-500 

H 

I-108 

1-1054 

1-107 

49 

1-514 

1-5012 

1-510 

15 

i-ii6 

1-1138 

1-114 

50 

1-530 

1-5167 

1-531 

i6 

1-125 

1-1224 

1-122 

51 

1-547 

1-5325 

1-541 

17 

1-134 

1-1310 

1-136 

52 

1-563 

1-5487 

1-561 

18 

1-142 

1-1398 

1-143 

53 

1-5S0 

1-5652 

1-573 

19 

M52 

1-14S7 

1-150 

54 

1-597 

1-5S20 

1-594 

20 

1-162 

1-1578 

1-158 

55 

1-615 

1-5993 

i-6i6 

21 

1-171 

1-1670 * 

1-172 

56 

1-634 

1-6169 

1-627 

22 

l-l8o 

1-1763 

1-179 

57 

1-652 

1-6349 

1-650 

23 

1-190 

1-1S58 

1-1S6 

58 

1-671 

1-6533 

1-661 

24 

1-200 

i-if 55 

1-201 

59 

1-691 

1-6721 

1-683 

25 

1-210 

1-2053 

1-208 

60 

1-711 

1-6914 

1-705 

26 

1-220 

1-2153 

' 1-216 

61 

1-732 

1-7111 

1-727 

27 

1-231 

1-2254 

1*231 

62 

1-753 

1-7313 

1-747 

28 

1-241 

1-2357 

1-238 

63 

1-775 

1-7520 

1-767 

29 

1-252 

1-2462 

1-254 

64 

_ 1-797 

1-7731 

1-793 

30 

1-263 

1-2569 

1-262 

65 

1-820 

1-7948 

1-814 

,31 

32 

3? 

34 

35 

■ 1-274. 
1-285 
. . 1-297 

1-308 

1-320 

c- 

1-2677 

1-278S 

1-2901 

1-3015 

1-3131 

1-269 

1-285 

*•293 

I- 7 P 9 

i’ 3 i 7 

06 

1-843 

1-S171 

1-835 
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Comparison betiveen the Degrees of Ttvaddell's }iydromcter 
and Specific Gravities. 



















202 TECHNICALLY EMPLOYED OXIDES OF SULPHUR 

' The percentage of mixtures of sulphuric acid and water is, 
in the great majority of cases, tested by the hydrometer only, 
and many tables have been constructed for this purpose. It 
would be very desirable, as Hasenclever points out,' if all 
sulphuric-acid makers used the same reduction-tables for their 
calculations ; for in^the statements on the yield of acid, and in 
many other cases, frequently different tables are used ; so that 
the working results of different factories are not always com¬ 
parable with each other. 

Special attention should be drawn to the point that all 
tables indicate the specific gravities only for chemically pure 
acids ; the figures for commercial impure acids are always 
higher ; we .shall return to this subject further on. 

A very extended study of the specific gravities of sulphuric- 
acid .solutions has been published by Pickering.^ 

Perhaps the most elaborate investigations on the density and 
expansion of aqueous solutions of sulphuric acid, the formation 
of hydrates, etc., have been made by Domke and Ecin, on 
behalf of the Normaleicimngskommission at Berlin." 

The tables given in previous editions have been recalculated 
by Dr A. C. Gumming from the data of Domke and Bcin, and 
are given on pp. 203-206. 

Worden and Motion^ have made very accurate determina¬ 
tions of the density of very dilute sulphuric acid, for the 
purpose of preparing standard solutions for volumetiic pur¬ 
poses. Their work has no application for technical pur[)0.sc.s. 

A paper by Mendelejeff® on the specific gravities of the 
mixtures of sulphuric acid and water has only theoretical 
interest. 


* Hofmaim's Report, I, i8i. 

2 J. C/iem. Soc., 57, 64 ct .'ff. 

^ Z. a/iora. C/tem., 1905, 43, 125-181. 

^ J- Chem. Ind., 1905, p. 178 et seq. 
® Z. physik. Chem., i, 2173. 
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Specific Gravities of Sulphuric Acid — continued. 


Dpgrf'os 

TwailiU'll. 

Sj)ccifi(j 
gravity 
(I jy/ 4 -. 

100 pal ts by weiglit 
contain 

Kilos 

Iter litre. 

1 cubic f()‘)t of aci'l 

SO,. 

rr..s(),. 

weighs 
lb. avoir. 

contains 

lb. 

52 

1-260 

2S-25 

' 34-57 

0 4356 

78-66 

27-19 

53 

1-265 

28-74 

35-17 

0 4.449 

78 97 

2777 

54 

1-270 

29.23 

35-76 

0-4515 

79.29 

28-35 

55 

1-275 

29.71 

36-35 

0-4635 

79-60 

28-93 

56 

I-2So 

30-19 

36-94 

0-472S 

79-91 

29-52 

57 

1-285 

30-67 

37-52 

0 4821 

8o*22 

30.10 

5S 

I-2()0 

31-14 

38-10 

o-49«9 

80-53 

30-68 

59 

1-295 

31.61 

38.68 

0*5009 

8085 

31-27 

(10 

I ^00 

32-08 

39-25 

0*5102 

81*16 

31-85 

61 

1-305 

32-56 

39-83 

05198 

81-47 

32-45 

62 

1-310 

33-02 

40-40 

0*5292 

81-78 

33-04 

63 

1-315 

33 48 

40-97 

0-5388 

82 09 

33-63 

64 

I ^20 

3394 

41-53 

0-5.482 

82*41 

34-22 

65 

1-325 

34-40 

42.09 

0-5577 

82-72 

34-82 

00 

1330 

34 86 

42.65 

0-5672 

83-03 

35-41 

67 

1-335 

35-31 

43*20 

0 5767 

83-34 

36-00 

68 

1-340 

35 76 

43-75 

0-5862 

8366 

36.60 

69 

1-345 

36-21 

44-30 

0-595S 

83-97 

37-20 

70 

1-350 

36.66 

44.85 

0 6055 

84.2S 

37-80 

71 

1-355 

37-10 

45-i9 

0-6150 

84.59 

3S-40 

72 

I- ^60 

37 54 

45-93 

0*6246 

8490 

39.00 

73 

1-365 

37-97 

46-46 

0 * 6^2 

85-22 

39-59 

74 

1-370 

38.40 

46 99 

0-6438 

85 53 

40-19 

75 

1-375 

3884 

47-52 

0-6534 

85-84 

4079 

76 

1-380 

39.26 

48.04 

0 6629 

86-15 

41 39 

77 

1-385 

39-69 

48.56 

0-6726 

86-47 

41.99 

78 

1-390 

40-10 

49-07 

06S2I 

86 78 

42.58 

79 

1-395 

40-53 

49.59 

0*6918 

87.09 

43-19 

80 

1-400 

40 ?5 

50.10 

0*7014 

87.40 

43-79 

81 

1-405 

41-36 

50-61 

07111 

87.71 

44-39 

82 

t-410 

41.78 

51 12 

0-7208 

88-03 

45.00 

83 

1-415 

42.89 

51-62 

0-7304 

88.34 

45.60 

84 

1-420 

42-60 

52.12 

0*7401 

88-65 

46.20 

85 

1.425 

43-01 

52 62 

07498 

88*96 

46.81 

86 

1.430 

43-4f 

53 u 

07595 

89.27 

47.41 

^7 

1-435 

43 Si 

53-60 

0-7692 

89 59 

48-02 

88 

1-440 

44-21 

54-og 

0-7789 

89.90 

4863 

89 

1-445 

4461 

54-5-8 

^0.7887 

90*21 

49.24 

90 

1-450 

45-00 

55-06 

0-7984 

90.52 

49.84 

9* 

1-455 

45-39 

55-54 

o* 8 o 8 i 

90-84 

50.45 

92 

1.460 

15-79 

56.02 

0-S179 

91.15 

51-06 

* 93 

1.465 

46.18 

56-50 . 

0-8277 

91.46 

51-67 

Y*' 

1470 

46.56 

56-97 , 

08375 

91-77 

52-28 

95 

1-475 

46.95 

. 57-44 

0-8972 

9208 

52.89 

96 

1-480 

47-33 ' 

57-91 

0-S571 

92.40 

53-51 

97 

1.485 

47-71 

58-38 

0*8669 

92.71 

54-12 

9? 

1-490 

48.10 

58.85 

* 0.8769 

93.02 

54-74 

99* 

1-495 

48.48 

59-32 

0-8868 

93-33 

55-36 

100 

1-500 , 

48.86 

59-78 

0-8967 

93-64 

55.98 

lOI 

1-505 

4923 

60*24 

0*9^6 

93-96 

56.60 

102 

I.5IO 

• 

49-61 

60*70 

0.9166 

94-27 

57-22 
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Specific Gravities of Sulphuric Acid — continued. 


Denroes 

Tw;v<i.ioll. 

Sifivity 

d 

n 

100 j'arls by wciglit 
contain 

Kilos 11.^804 
per lino. 

1 cubic foot of acid 

. 80 ,;. 


wel be 

11). avoir. 

contains 
lb. II.jS04. 

154 

1770 

68-24 

83 50 

1-4779 

110-50 

92-27 

155 

1775 

68-68 

84-03 

1-4915 

110-81 

93-12 

156 

1780 

69-11 

84-56 

1-5052 

111-12 

93-97 

157 

1785 

69-57 

S5-I2 

1 5194 

111-44 

94-86 

158 

1790 

70-03 

8569 

1-533S 

11175 

95-76 

159 

1795 

70-53 

86-30 

1 5491 

112-06 

96-71 

lOo 

i-8oo 

71-04 

8692 

1-5646 

112-37 

97-67 

Ibl 

1-805 

71 60 

87-61 

1-5814 

112 69 

98-72 

162 

i-8io 

72 21 

88-35 

1-5991 

113.00 

99-83 

163 

1815 

72-87 

89-16 

I 6182 

'13310 

101-03 

164 

1820 

73-59 

9004 

1-6387 

113-62 

10231 


Specific Gravities of Solutions containing above go per cent, 
of Sulphuric Acid. 


I’cr cent. IT^SO^ 

91 

92 

93 

94 

95 

Density isVd'" 

1-8248 

1-8293 

1-8331 

1-8363 

1-8388 

Per cent, IDSOj 

96 

97 

98 

99 

100 

Density (/ 1574 '’ 

1-8406 

1-8466 

1-8411 

t-8393 

60 

-.4 


A correction for any deviation of the temperature from 
15° must be,made, \vhenever the acid tested by the hydrometer 
is qbove or below that temperaturti. Bineau has given a small 
table for this purpose, which, however, w wrong for the more 
dilute acids. From a very large number of observations made 
jn punge’s laboratory, a table has oeen constructed showing 
the alterations to be made in the specific gravities observed for 
all strengths of acid, and for all temperatures from o° to ioo°, 
in order tctreduce them to 15°. This table is found in Lunge’s 
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Technical Chemists' Handbook (1910), pp. 126-!29. In tins 
place vve only give the average figures. For each degree 
above or below 15° you should add to of deduct from the 
specific gravity observed : ^ 

0'00o6 with acids up to M70. 

* 0-0007 I) )> from 1-170 to«i-450. 

0-0008 „ „ „ .1-450 „ 1-580. 

0-0009 .. >, » •i-Siio „ 1-750- 

o-ooio „ „ „ 1-750 „ 1-840. 

H. C. Moore' describes a slide-rule for reducing the specific 
gravities of sulphuric acids of various densities and temperatures 
to the density of 50° Be. at Co° F. 

Influence of Impurities on the Density of Aqueous 
Sulphuric Acid. 

The specific gravities given in all the tables refer only to pure 
acid, and cannot be accepted as quite correct for the ordinary 
acid of trade, which always contains impurities. Kolb has 
e.xamined this matter, and has determined the influence of the 
common impurities upon the density of sulphuric acid, viz. 
that of lead sulphate, of the oxygen compounds, of nitrogen, 
and of sulphurous a’cid. Arsenic, and perhaps iron, usually 
occur in too small a quantity in sulphuric acid to influence its 
density ; but certainly there may be chses, not mentioned by 
Kolb, in which sulphuric acid is strongly contaminated with 
salts of iron, aluminium, sodium, etc. The iron, for instance, 
may come from pyrites-dust ; aluminium from the packing of 
the Glover tower, or from the fireclay frequently employed for ^ 
stopping leaks ; sodium from solutions of nitrate or sulphate of 
soda, which sometimes inadvertently get into the chambers. 

With respect to lead sulphate, Kolb found that, at the 
ordinary temperature, there was dissolved,up to , 

0-039 part in loo^arls vitriol of i-84t sp. gr. ‘ 

o-oii „ too „ 1-793 „ 

0-003 » >,* 100 >. 1-540 ,, .< 

♦ 

In more dilute acids the lead can hardly be estimated. JffErid 
acid, which, in any case, occurs in very small quantities, does 

, * 
* •/. Ind. and Eng. Chem., 1912, p. 677. . . 


l 
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not strongly influence tlie solubility of lead sulphate in sul¬ 
phuric acid ; nitrous acid not at all. The effect of lead sulphate 
on the density of vitriol can accordingly be neglected for the 
ordinary temperature ; at most it would influence the fourth 
place of decimals. 

Marshall’ gives,the following table showing the effect of 
impurities on the specific gravity of sulphuric acid :— 



UMl 

98 

04 

80 

1 


ptTceiit. 

pt-r CLiif. 

pei enit. 

pel Cfllt. 

j p*'r ct-nt. 

Nn.,SO, • 

0*0011 

0*0010 

1 

0*0007 

o-oooS 

0*0007 

Ca-SO, . 

0*0012 

0*0011 

0*000<; 

0*0007 

0-0006 

AI,(SO,),,. 

Insoluble i 

Insoluble 

Insoluble 

0-0012? 

! 0*0011 

Fe..(,SO,), 


,, 

0 0006 ? 

0*0008 

' 0*0007 

Pb.SO, . 

0-0017 

0*0014 

0-0015 

i__ 

Insolulile 

1 Insoluble 

1 A5.,03 • 

i_' 


! 0-0013 

0*001 



These figures show the increase in density caused by the 
actual addition of the impurities in question. 

The sulphates of aluminium and iron are practically insol¬ 
uble. With concentrated sulphuric acid, aluminium sulphate 
forms the compound Al/S04)3lLS043lI^0, the mixture 
solidifying after a few hours. 

Solubility of SO„ in Sulphuric Acid. 

Miles and Fenton " state that 95 per cent, acid dissolves more 
SOj than 85 per cent. The solubility in more dilute acid 
diminishes in the usual manner as the concentration increases, 
and the graph infra shows grams SO^ dissolved in grams acid. 

To obtain rapid .satirration of sulphuric acid, e.spccially when 
concentrated, and therefore viscou.s, was by no means easy, 
but the authors explain how they overcame the difficulties. 

The solubility reaches a minimum value at 86 per cent., and 
from that point the curve inclines very sharply upward for either 
increase or decrease in the concenfration of sulphuric acid. 

It is significant that agd of ^q-qS'per cent, has the com¬ 
position of the hydrate H0SO4H.2O, and -that in the neighbour- 
of this point the temperatulc of melting and other 
physical properties pass through critical values. 

' /. Soc. Cluin. Ind., 1902, p. 1508. 

Chcni. Hoc., 1920, p. 59. 

I 
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The experiments were carried out at 20°, an'd corrections 
made for the barometer readings. 

Sulphurous acid certainly never occurs rti commercial sul¬ 
phuric acid in quantities commensurate with those possible 
from its solubility. It is rarely that more than ’traces of it 



60 70 80 • 90 100 

PERCENTAGE OF HjSO^ IN ACID. 


with the nitrogen oxides which are most frequently found in 
commercial vitriol. Nitric acid is, if at ^ 11 , only, present in 
extremely small quantities ill the sulphuric acid of trade, and 
therefore does not modify its density to a sensible extent; 
especially it will not ba found in sul’phuric acid of more than 
144° Tw., except perhaps In the nitrous vitriol from the . 
Lussac towers; but .even this, according to Lunge’s analyses, 
under normal conditions contains only slight traces of ’ ^ 
HNO3. Nitric’oxide can also be neglected; neither con- 

I p 
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centratcd nor diluted sulphuric acid dissolves more than men 
traces of it. Nitrous acid certainly lias a very marked effect 
on the apparent percentage of sulphuric acid, according to the 
hydrometrical test, although it is only in “ nitrous vitriol ” that 
such large proportions of nitrous acid occur as to influence the 
specific gravity of the sulphuric acid. 

Although, as we see, the impurities of ordinary sulphurie 
acid, excepting “ nitrous vitriol,” have very little effect on its 
density, it must be remembered that the density is not a trust¬ 
worthy means of estimating the percentage of real H2SO4 in 
concentrated acid, even when the correction for temperature 
mentioned on p. 206 is applied, because at high concentrations a 
small difference in density corresponds to a very large difference 
in percentage. Many factories use special hydrometers, in which 
the last few degrees are spread over a large area and are further 
subdivided ; but any determination of density for estimating the 
percentage of the very strongest acids must be rejected, after 
what we have seen on p. 206. The acids from 92 per cent, 
upwards ought therefore always to be estimated alkalimetrically. 



i 


' (1. 

6. 


K 


I 

1-009 

130 

1-456 

:■ 370 

1-723 


2 

1-015 

140 

1473 

r 380 

1-727 


5 

1035 

150 

1-490 

390 

1-730 


10 

I 060 

160 

1-510 

400 

1-733 


15 

I 090 

' 170 

1-530 

410 

1-737 


20 

1113 

180 

1-543 

1, 420 

1-740 


25 

M4O 

190 

1-556 

: 430 

1-743 


30 

1-165 

200 

1.568 

; 440 

1-746 


35 

I..87 

210 

1-580 

: 450 

1-750 


40 

1-210 

220 

1-593 

460 

1-754 


45 

1-229 

' 230 

l-6o6 

470 

1-757 


50 

r-248 

240 

1-620 

480 

1-760 


55 

1-205 

250 

1 630 

490 

1-763 


60 

1-280 

260 

1-640 

500 

1-766 


65 

1-297 

270 

1-648 

i 510 

1-768 


70 

I-3I2 

280 

1-654 

520 

1-770 


75 

. 1-326 . 

290 

1-667 

530 

1-772 


80 

1-340 

300 

..1-678 

540 

1-774 


.*5 

1-357 

310 

1-689 

550 

1-776 


90 

1-372 

320 

■1-700 -’ 

560 

1-777 


95 

1.386 

3^6 

1-705 

580 

1-778 


100 

1-398 

340 

1*710 ‘ 

590 

r-780 


•no 

1*420 

350 

1-J'14 

600 

1-782 

1 

‘^'‘*'120 

1-438 

360 

1-719 

i 


1 


Obtaining Acid of any,desired Strength by mixing O.V. with 
Water .—The above table of Anthon’s will be of practical 
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value. It shows in column a how many parts of* oil of vitriol 
of 168° Tw. must be mixed with lOO parts water at 15° or 20° 
in order to obtain an acid of the specific gravity b. 

The freezing- and melting-points of sulphuric acids of 
different degrees of concentration are given by *Payen in a 
table quoted i« Lunge’s second edition, p. 1.33. 

A new determination by Lunge' gnve the following results :— 


H|>oc. niiiv. 
Of Jici'l at 

\y (1. 

Freezuij;-i)ouit. 

.M.-ltniji- 1 ’ 

imiiil. 

.Spfc gt,i\. 
ol ;ici<l ill 
16’ 

Fre<'/in^-j>oint. 

1-671 

liijuid at - 20° C. 

lit]ind. 

1-767 

l''-6 

1-691 

do. 

<i(>. 

1-790 

-1 4"-5 

1-712 

do. 

do. 

1-807 

- 9 "-o 

1-727 

- 7’-5 

-7”-5 

1*822 

liquid at - 20' C. 

1-732 

-S '-5 

-S "-5 

1-840 

(1(1. 

1-749 

- 0 2 

+ 4''-5 




rickcring" has published an extensive memoir on the freezing- 
points of sulphuric acid and its solutions. Thilo" gives very 
extended tables as to the results obtained by him in R. Pictet’s 
laboratory. Pictet subsequently supplies the following table 


Kdi iniil.-i. 

ptu- pent. 

Hpecilic giiivity. 

Fj**e/m<;-ponit. 





H,.SO, 

loO’OO 

1-842 

4 - 10-5 

,, -1 

84.48 

1-777 

+ 3-5 

„ 2II./) 

73. oS 

1*050 

-70 

4 >1 

57-65 

l• 47 » 

- 40 

11 6 ,, 

47-57 

1-376 

-- 50 

7 ) ^ M 

40-50 

1 - 3 ” 

-65 

10 „ 

35-25 

1*268 

-88 

M 11 >> 

.! 3 -ii 

1-249 » 

-75 

1. 12 „ 

31-21 

1-233 

-55 

1. 13 1. 

29-52 

I-2ip 

-45 

1. 14 1, 

28-00 

1*207 

- 40 

1. 15 1. 

26-63 

i-i <96 

-34 

»» *6 ,, 

25-39 

1-187 

- 26-5 


2J-22 . 

1*170 

- 19 

>» 20 ,, 

21*40 

1-157 

- 17 

1. 25 „ 

17-88 

1*120 

- 8-5 

1. 30 1. 

15-36 

1*109 • 

• - 6-5 

40 ,, 

11-98 • 

1-084 

- 4-5 . 

1. 50 1. 

9;82 , 

1-067 

- 3-5 * 

1. 75 1. 

6-77 

j-045 

0 

7» 100 ,, 

5 ii 6 

1-032 

-1- 2-5 

) J 200 ,) 

2-65 , 

1*013 

- 1 - 4-0 • 

7 » 300 ,, 

1-78 

1*007 

-f 4*5 ^ 

,, 1000 ,, 

0-54 

1*001 

4- 0-5 


* Bert. Ber., 188,1, p. 2649. Chtin. Soc., i8yo, 57, 331 et seq. 

* J. Soc. Chem. Ind., 1893, p. 837. > 
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By “ melting-point ” we understand the temperature at which 
the cooled acids in which crystals had commenced to form 
remained constan't when the vessel was taken out of the cooling 
medium during the process of solidification. 

On hoi/ing dilute sulphuric acid, at first nothing but aciueous 
vapour escapes; according to Graham, acid vapour is mixed 
with the steam only when no more than 2 mol. of water are 
present to i of SO3—that is, with a percentage of 84'48 H^SO^ 
or a sp. gr. of t-yS. From several discussions about the loss of 
sulphuric acid in concentrating it, by Lunge, Bode, Walter, etc., 
it may be assumed that in manufacturing practice no sensible 
loss of acid takes place by real volatilisation up to a strength of 
144° or even of i 52"' Tw. ; but from violently boiling acid there 
is always a little acid carried away mechanically in the shape of 
small drop.s, especially in pans fired from the top and also in 
the Glover tower, or in a “ vesicular state.” When the evapora¬ 
tion up to that point takes place quietly at a moderate heat, 
there is probably no loss of acid at all. 

At the request of Dr A. C. Gumming this point was 
specially investigated by Webster and MacDonald in the 
Technical Chemical Laboratory, University of Edinburgh. It 
was found that when precautions were taken to prevent aeid 
being carried over mechanically, sulphuric acid could be 
distilled so that there was no sulphuric acid in the distillate 
from even 90 per cent, acid ; only after the concentration of 
the liquid being distilled exceeded 96 per cent, did that of the 
distillate exceed S, per cent. 

The boiling-points of sulphuric acid containing water were 
examined by Dalton in the beginning of this century. His 
table, which was obviously wrong, has been replaced by another, 
founded upon Lunge’s investigations,' which is herewith 
reproduced :— 

* Bai. Bcr^ ii, 370. 


[Tabi.e 
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Specific 

gravity. 

Toinpora* 

tnre. 

•c. 

Sptfc. grav. 
retlncfid to 
15 " (J. 

Percentage 

of 

H.>S() 4 . 

Boiling* 

point. 

•c. , 

Barometer 
rwluced to 0 °. 
Milhms. 

1.8380 

17 

1-8400 

95-3 

297 

738-8 

1-8325 

16.5 

1-8334 

92-8 

280 

723-9 

1*8240 

. ‘ 5-5 

1-8242 

90.4 

264 

720 6 

1-8130 

16 

18140 

88-7 

257 ‘ 

726-0 

1.79S5 

15 5 

1-7990 

86-6 

241-5 

720* I 

1-7*00 

15 

1-7800 

84-3 

228 

720-5 

1-7545 

16 

1-7554 

8i-8 

21S 

726*0 

1-7400 

'5 

1*7400 

80-6 

209 

720*6 

1.7185 

17 

1-7203 

7S-9 

203.5 

725.9 

1*7010 

18 

>-7037 

77-5 

197 

725-2 

1-6750 

19 

I 6786 

75-3 

1S3.5 

725.2 

1-6590 

16 

1-6599 

73-9 

180 

725-2 

1-6310 

17 

1-6328 

71-5 

173 

725-2 

1-6055 

17 

1-6072 

69-5 

169 

730-1 

1-5825 

15 

1-5825 

67-2 

160 

728*8 

t-5600 

17 

1.5617 

65-4 

158-5 

730-1 

15420 

17 

1-5437 

64-3 

151-5 

730-1 

1-4935 

18 

1*4960 

59-4 

143 

730-1 

1-4620 

17 

I 4635 

56-4 

133 

730-1 

1*4000 

17 

1-4015 

50-3 

124 

730-1 

I 3540 

17 

1-3554 

45-3 

118-5 

730-1 

1-3180 

17 

1-3194 

41-5 

115 

730-1 

1*2620 

17 

1-2633 

34-7 

no 

732-9 

1*2030 

17 

1*2042 

27-6 

107 

732-9 

I*II 20 

17 

1-1128 

15.8 

103-5 

732-9 

1.0575 

>7 

1-0580 

8-5 

101*5 

735-0 


(Calculated by graphical interpolation.) 


IVr cent. 
lliSO,. 

Boiling- 

point. 

Per cent. 
HjSO,. 

Bolling* 

point. 

Per cent. 
JI2SO4. 

UfililiK- 

point. 

per cent. 

Boiling- 

point. 

5 

Degrees. 

lOI 

45 

Degree^. 

118-5 

70 

Deglees. 

170 

> 74-5 

86 

Degree.*, 

238-5 

10 

102 

50 

124 

72 

88 

251-5 

15 

103-5 

53 

128*5 

74 

i8o*«; 

90 

262*5 

20 

105 

56 

>33 

76 

189 

9 > 

26s 

^5 

106-5 

60 

141-5 

7 * 

199 

92 

274-5 

30 

108 

62-5 

>47 

80 

207 

93 

2S1-5 

35 

no 

65 

1 . 53-5 

82 

21S-5 

94 

288-5 

40 

114 

67.5 

I6I 

84 

227 

95 

295 


The tension of aqueous vapour in sulphuric-acid solutions of 
various strengths was deteriTiined by Regnault in 1845^ for 
temperatures from 5° to 35'’. We nere give his table (for 
every second degree), addihg to the hydrates quoted by 
the percentage composition and specific gravities. We also 
subjoin Sorel’s table (p. 21 5), computed for a wider interval 
> Ann. Chim. anal. [3], 15, 179.^ 
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of temperatures, better suited for the wants of sulphuric-acid 
manufacture. The tensions are stated in millimetres of 
mercurial pressure^ 


Regnatilt's Tabic of the Aqueous-Vapour Tensions of Dilute 
Sulfhuric Acid. 


c. 

ir.so, 

1 'H.() 
81-5%. 
TThO. 

-f/H.O 

T3-l%. 

ir,.st)4 
+ 3II.0 

ITw-l. 

ir.,si), 

+4 

1-477. 

H4SO4 
-f-f) H.)0 
52 

1-420. 

II..S02 

4 7' H.,0 
43 707^. 
1-340. 

ir.»so^ 

4 d'HoO 
37-7^^. 
1-J87. 

ir.,S04 

4 il 11.,0 

33-1%. 

l-:'47. 

ir.-sfK 

-M7ir.,0 

24-3%' 

1-170. 


nun. 

Him. 

mm. 

mill. 

mni. 

mm. 

mm. 

nun. 

mm. 

5 

0-105 

0-3SS 

o-S6i 

1-294 

2-137 

3-168 

4-120 

4.428 

5-478 

7 

0-I08 

0-430 

0-985 

1-510 

2-464 

3-643 

4-72S 

5-164 

6-joo 

9 

0-112 

0-476 

1-125 

1-753 

2-829 

4-176 

5-408 

5-980 

7-216 

11 

O-118 

0-527 

1-2S0 

2-025 

3.240 

4-773 

6-166 

6-8Sj 

8-237 

13 

0-124 

0-5S6 

1-454 

2-331 

3-(i99 

5-443 

7-013 

7-S85 

9-374 

'5 

0-131 

0-051 

1-648 

2-674 

4-215 

6-194 

7-958 

8-995 

10-641 

'7 

0-139 

0-72.i 

1-S05 

j-059 

4-793 

7-036 

9-014 

10-222 

12-054 

19 

0-149 

c-808 

2-108 

3-402 

5-440 

7-980 

10-191 

11-583 

13-62S 

21 

0-159 

0-901 

2-3S0 

3-977 

6-166 

9-039 

11-506 

13-090 

15-3.83 

23 

0-171 

i*oo6 

2-684 

4-523 

6-979 

10-226 

12-974 

14-760 

17-338 

25 

0-184 

1-125 

3-024 

5-135 

7-892 

11-557 

14-613 

16-610 

19-516 

27 

0-199 

1-258 

3-405 

5-822 

8-914 

13-050 

16-443 

18-659 

21-944 

29 

0-216 

1-408 

3-X30 

6-594 

10-060 

14-723 

18-483 

20-929 

24-650 

31 

0'235 

1-557 

4-505 

7-459 

11-345 

i6-6oo 

20-765 

23-443 

27-666 

33 

0-21^6 

1-767 

4 -J< 3 S 

•8-432 

12-785 

18-704 

23-311 

26-228 

31-025 

35 

0-2<So 

1-981 

5-4j2 

9-524 

14-400 

21-063 

26-152 

29-314 

34-770 


Knictsch' has also determined the vapour-tensions of 
sulphuric acid, both c^rdinary and fuminj^, at various tempera¬ 
tures up to 100 . As may be imagined, the aqueous-vapour 
pressures decline rapidly with the concentration of the ordinary 
acid, and for acid^ from 90 to g8-6 per cent, they are = o 
even at ioo\ t 

■ Bcrl. Her., 1901, p. 41 ii. 


[Table 





Tension of Aqueoiis Vapour in Afi.itures of S2tlphnric Acid and Water (Sorel). 
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Hacker ’ gives a mathematical derivation of the variations 
of the vapour-tensions of dilute sulphuric acids by the 
temperature, the results of which agree very well with the 
observed pressures. 

The viscosity of sulphuric acid has been examined by 
Dunstan and Wilson Kremann and Ehrlich -and Dunstan.* 

The surface tension cf mixtures of sulphuric acid and 
water at various temperatures has been determined by Morgan 
and Davis.'^ 

E. Briggs ^ describes his experiments on the vapour- 
tensions of mixtures of sulphuric acid and water, which he 
applies to die construction of the following table, the figures 
denoting millimetres of mercury :— 


)-S 

'•5 

fO 

•I 

‘•5 


B. C. Burt' describes his experiments on the vapour- 
pressure of sulphuric-r.cid solutions, carried on by means of 
a specially designed apparatus, for concentrations ranging 
between 24-92 and 95-94 per cent. H.^SO^, and he also 
reviews all the earlier work on this subject. His conclusion 
IS that, in .solution, fombination ensues between sulphuric 
acid and water with the formation of new compounds There 
is no evidence to show that definite hydrates exist in the 
solutions; in fact, several attempts to calculate molecular 
weights, prq^upposigg the existence of certain hydrates led 
to very contradictory results. • 

J Am. Physi*, 1912 [4], 39* ,338. 

^ 7 'rans. Chem. Soc., 1907, 9s, 85, 

* Monalsh., 1907, 28, 83'!. 

* Proc. Chem. Soc., 1914,30, 104. 
y. Amer. Chem. Soc., 1916, p. 855. 

^ J' ^oc. Chepi. Ittti., 1903, p, 1275. 

^ ‘J.^Chem. Soc., 1904, 85, 1339 et seq. 







PROPERTIES OF SULPHURIC ACID' 


217 


The specific heat of monohydratcd sulphuric acid at 16'’ to 
20° C. is 0-3315 (water=i). Marigiiac states the specific 
aeat of acid diluted with water as follows :—* 

H2S0^+ 5 aq. = o -5764 

„ + 10 „ --=0.7212 • 

„ + 15 „ =0-7919 

„ 4- 25 „ =0-8537 • 

„ -I- 50 „ =^0-9155 

„ 100 „ =0.9545 

„ -raoo „ = 0-9747 

„ -f4oo „ =0-9878 

The following table, by Bode, is more convenient for 
practical use ';— 


Sjn'c. grav. 

HiP'C. lient. 

Spec, grav. 

!Sj>oc. iM-at. 

1-842 

0-33'5 

1-320 

0-67 

1-774 

0-3S 

1-263 

0-73 

1-711 

0-41 

1-210 

0-78 

1-615 

0-45 

1-162 

0-S2 

1-530 

0-49 

j-ii 6 

0-87 

1-442 

0-55 

1-075 

0-90 

I-JSJ 

0-60 

1-037 

0-95 


Physiological Action of Sulphuric Acid. 

Sulphuric acid is recommended as a typhoid disinfectant by 
S. Ridcal in a paper read before the British Association (Sec¬ 
tion B) Glasgow meeting, 1901.^ Allo»’ing for the alkalinity 
of the sewage, an addition of 4 grams of sulphuric acid per 
gallon would be sufficient to ensure the death of typhoid organ¬ 
isms in an infected drainage water. The fi*ee acidity produced 
would be speedily neutralised when thg treated water became 
mixed with any fresh sewage which had not been similarly * 
treated, and, as the infected sewage must always represent a 
very small proportion of the total drainage to be dealt with, 
this method of ensuring the absence of t)?phoid organisms in 
drainage waters would be saSisfirctory in practice. 

K. Andrlik^ states that She addition of sulphuric acid to soil 
affects the growth of bpet, and he thought it worth while to try 

* Z. angew. Chem., 1889, 244. Cf. also Pickering, J. Chi-n* 

57 , 90 - 

^ y. Soc. Chem. hid., 1901, p. 1133. ’ 

® Z. Zuckerind. Ddhm., 1917, 4, 685-()88 ; Chem. Soc. Ahsf., 1917, • 

I. 620. ■ ' \ * • 
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the effect of mineral acids in rendering the natural constituents 
of the soil more available to the plant. He compared the 
growth of sugar b'eet on field plots sprinkled before seed-time 
with dilute sulphuric acid (2-4 kilos, per acre) and on untreated 
plots, and finds indications that the weights of root and leaves 
are less, but the quantity and quality of the ougar slightly 
greater on the treated ground. 

CHE.MICAI. lilillAVIOUK OF SULPHURIC AciD 

On mixing oil of vitriol with zvatcr, a considerable rise of 
temperature takes place, certain hydrates being formed, as de¬ 
scribed above. On mixing concentrated acid with water, a not 
inconsiderable contraction takes place, which must equally lead 
to an evolution of heat. But on mixing strong sulphuric acid 
with snozv, excessive cold is produced by the heat becoming 
latent on the liquefaction of snow, which considerably exceeds 
that becoming free in consequence of the chemical combination. 
This cold, however, is only produced when the proportion 
between acid and ice does not exceed certain limits : for i part 
of sulphuric acid there must be 11 part of snow present; with 
less snow, there is a rise of temperature. 

Even when sulphuric acid is more strongly diluted much 
heat is liberated. Many observers have worked upon this 
subject ; but we quote, here only a few. Thom.scn ' states that 
I gram-mol. (that is, 98 gram) H^SO^ gives the following 
amounts of heat when combining with x molecules of water ;— 


X. 


I . 



6,272 metrical heat-units. 

2 



9 > 3(^4 „ 

„ 

3 • 



11,108 „ 


5 • 



13,082 „ 

>> 

9 • 



14,940 „ 

JJ 

19 . 



16,248 

}} 

49 *■ 



16,676 „ 

>» 

99 • 



16,850 „ 


199 . 



17,056 ;, 

»» 

499 • 



17,304 „ 

)) 

799 • 



I 7,''>32 „ 


1599 . 



17,848 „ 



Somewhat higher results were obtained by Pickering.^ 
' Jhr, 3, *4^'^6. 2 /. CAem. Soc., 57, 94. 
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Knietsch* gives the following figures for the'heat of solu¬ 
tion, found both in the laboratory and by large-scale experi¬ 
ments with 400 kg. water :— • 


S03 

per cent. 

II2SO4 
poi cent. 

• 

Calories, 

8O3 

percent. 

per'ceiit. 

Calories. 

50 . 

61-25 

39 

67 

82*08 

93 

SI 

62-48 

41 

68 

83-30 

98 

52 

6370 

44 

69 

84-53 

103 

53 

64-93 

46-5 

70 

85-75 

108 

54 

66-15 

49 

71 

86.98 

113 

55 

67-38 

5'-5 

72 

88*20 

119 

56 

68 -6o 

54 

73 

89-43 

126 

57 

69-83 

57 

74 

90-65 

133 

58 

71-05 

59-5 

75 

91-8S 

139 

59 

72-28 

62 

76 

93-10 

146 

60 

73-50 

65 

77 

94-33 

152 

61 

74-73 

68 

78 

95-55 

160 

62 

75-95 

72 

79 

96-78 

168 

63 

77-18 

75 

80 

98*00 

178 

1S8 

64 

78-40 

79 

81 

99 23 

65 

79-63 

83-5 

81-63 

100*00 

193 

66 

80-85 

88 





The curve runs on quite steadily, without any breaks. 

On account of this considerable evolution of heat, concen¬ 
trated sulphuric acid and water must always be mixed with 
care : the water ought never to be poured into the acid, but the 
acid run in a thin jet into the water with constant stirring. In 
case of sudden mixture, so much heat ft liberated at once that 
the acid may be raised to the boiling-point, and glass vessels 
are easily cracked thereby. ♦ 

The affinity of sulphuric acid for water is also proved by its 
great hygroscopicity. Concentrated su'fihuric acid is one of the 
best agents for drying gases; and it is not only used in this way 
for innumerable scientific, but also for some technical purposes 
—for instance, in the manufacture of oleum, where air or SO^ 
gas is passed through a tower fed with sulphuric acid, in order 
to remove moisture. On * the large scale, acid of about 
96 per cent. HgSO^ ft usually erq^ployed for such purposes, 
but care must be taken lest its concentration during the work 
does not fall below sp. gi’l 1*72, or it will no longer act'a.s 
dehydrator. • 

Concentrated sulphuric acid acts upon many liquid and solid 
* Ber.^ 1901, p. 4103. ^ * 
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bodies by depriving them of water or even splitting off the 
elements of the same. Upon this action a host of scientific 
and technical applications of sulphuric acid are founded. 
Frequently the so-called siilphonic acids are formed, which are 
generally colnpounds easily lending themselves to further 
reactions. Instances of this arc:—the formation of ether by 
the dehydration of alcohol, with the intermediate formation 
of sulphovinic acid ; that of ethylene by the further split¬ 
ting off of water; the preparation of nitrobenzene, picric acid, 
nitronaphthalene; the manufacture of resorcine and alizarine by 
the alkaline fusion of the sulphonic acids of benzene and anthra- 
quinone ; and many other cases. 

The charring of many organic substances, such as wood, 
sugar, etc., by contact with strong sulphuric acid, proceeds from 
the same source. Necessarily this acid, in its concentrated 
form, must have an extremely prejudicial effect on the animal 
body. The remedy usually applied, burnt magnesia, cannot 
do much good when the epithelium of the (esophagus and the 
stomach has been destroyed. 

The affinity of concentrated sulphuric acid for water is ahso 
shown by the fact that it easily runs over, when kept in open 
vessels, by attracting moisture from the air—a fact to be 
remembered when employing it for keeping balances, etc., dry. 

The heat of neutralisation of I mol. (98 parts) HjSO^ by 
2 mols. (80 parts) NiOH in the presence of 400 mols. of 
water is given by Thomsen = 3 [,380 cals. Pickering' states 
it is only = 28,197 cals. 

Fnklaar ‘ has studied the step-by-step neutralisation of 
sulphuric acid, effected by addition of successive quantities of 
N/lo-sodium hydroxide to 10 c.c. of N-sulphuric acid and 
dilution of the mi.xture to 100 c.c. at 18°. 

Decompositions of Sulphuric Acid .—Some of these have been 
rnentioned akeady—.for instance, that into anhydride and water 
by eVftporation. The mixed vapour, on account of the unequal 
velocity of diffusion of the two vapours, can be separated to a 
great extent into its two constituents, so that at 520^, within 
c" hpur, a residue of 60 per cent, monohydrate and 40 per cent, 
anhydride, at 445° 75 per cent, monohydrate and 25 per cent. 

1 /. Chetn. Soc., 1889, p. 523. 

Chem. ‘Weeklili^, 1912, 9, 28-31 ; J. Chem. Soc., 1912, *, 239. 
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[anhydride was obtained.' Perhaps a process for preparing 
ffuming acid could be founded upon this fact. Even far below 
the boiling-point the dissociation begins the liejuid acid. 

I It has been pointed out that even at 30° to 40“ C. the mono¬ 
hydrate begins to give off vapours of anhydride (Maiignac), 

I which fact l^as been confirmed by the e.xact researches of 
'Dittmar'* and Pfaundler and Polt.®. 

A ftiore thorough decomposition into sulphur dio.xide, 

i xygen, and water takes place on conducting the vapour of 
alphuric acid through porcelain or platinum tubes filled with 
hips of porcelain and heated to a bright red heat. This mode 
f decomposition has been recommended by Dcville and Dcbray 
s a “ cheap ” plan for making oxygen ; but it does not seem to 
_ ave answered, owing to the insufficient sale of sulphurous acid 
or its salts ; it was expected to play a great part in the manu¬ 
facture of anhydride by Winkler’s process, but even for this 
purpose it has not been found economical. 

On heating with charcoal to I00“-I50°, sulphuiic acid 
yields carbon dio.xidc and sulphur dioxide ; on boiling with 
phosphorus, sulphur ; on boiling with sulphur, sulphur dio.xide ; 
bj' the action of the electric current, hydrogen, oxygen, sulphur, 
etc. fin dilute sulphuric acid the electric current merely causes 
the ilccomposition of water). 

Sulphuric acid at temperatures below its boiling-point expels 
other acids from their salts when the* solubilities, etc., allow 
this ; but, inversely, sodium sulphate is also decomposed by 
hydrochloric acid. In fact,‘the “avidity” of hydrochloric and 
nitric acid at ordinary temperatures mifch exceeds that of 
sulphuric acid. Boussingault' has shoivn that dry hydrochloric 
acid gas at a red heat decomposes the sulphates of sodium,* 
potassium, barium, strontium, and calcium (.see further on). 
More refractory acids, for instance, boric acid, silica, and 
phosphoric acid, expel sulphuric acid at hjgher temperatures. 
With the bases, sulphurit acid forms two principal series of 

salts, viz. acid salts, of the l^rmula and neutral salts, 

of the formula There is also definite evidence ^ 

' Wanklyn and Robinson, Roy. SodRroc., 12, 507. , 

2 /. CAcm. Soo. [2], 7, 446. , 5 Z./. Chemie, 13, 66. 

* Ann. Chi)n. Rhys. [5], 2, 120. 
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the existencfe of other acid salts, such as K.^H(SO^)„ and 
KHj(SO^)„. Very frequently it also Tonns basic salts, rarely 
hyperacid salts, f 

The sulphates form an important group of salts. Amongst 
the best knbwn are : Sodium sulphate, or “ Glauber’s Salt ” ; 
calcium sulphate as “ Gypsum,” “ Alabaster,”r “ Plaster of 
Paris ” ; barium sulphate ^s “ Heavy Spar,” or “ Barytes ” ; 
magnesium sulphate as “ Epsom Salts.” 

The acid and neutral sulphates are soluble in water, except¬ 
ing the neutral salts of barium, strontium, lead, silver, and 
mercury (in the state of proto.xide), which are little or not at 
all soluble in water and dilute acids. Calcium sulphate is 
sparingly .soluble in water. Most sulphates are insoluble in 
alcohol. The basic sulphates are mostly insoluble in water, 
but soluble in acids. The sulphates readily yield double salts, 
of which those are called alums which contain a combination 
of univalent and trivalent (corresponding to a double atom of 
quadrivalent) metals. 

The neutral salts of the alkali-metals, of calcium, magnesium, 
silver, manganese, and ferrosum, the last only if entirely free 
from acid and ferric salt (a condition very rarely realised), do not 
redden blue litmus-paper, whilst all other soluble sulphates are 
acid in reaction. 

On heating to a red heat, only the neutral sulphates of the 
alkalies, of the alkalinfi earths, and of lead remain unchanged. 
At a still higher temperature (that of melting iron) the two 
latter classes are also decomposed, but the alkaline sulphates are 
volatilised without cliange. Even zinc sulphate and manganous 
sulphate are not easily chcomposed. This explains the difficulty 
of completely converting blende into oxide of zinc. 

On roasting, the decomposable sulphates yield metallic 
oxides, sulphur dioxide, and oxygen. They are much more 
easily split up on heating with certain additions, such as coal, 
iron, etc. 


Action of Sulphuric A/,td on Mf,tals 

On the metals^, sulphuric acid acts in very different ways. 
The water-decomposing mptals in the cold yield nothing but 
lydrogen with it”; rat high temperatures, zinc and iron yield 
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ulphurous acid ; and zinc, if certain conditions arc observed, 
:an even yield sulphuretted hydrogen (Fordos and Gtllis). 

Most of the heavy metals do not act upon dilute sulphuric 
icid in the cold. Arsenic, antimony, bi.smuth, tin, lead, copper, 
nercury, silver, and some other metals are acted on by hot 
oncentrated ^sulphuric acid with formation of sulphates and 
volution of sulphur dioxide. Gold, iridium, and rhodium do 
lot act t>n sulphuric acid at any temperature. 

Action on Platinum .—Le Roy W. McCay ’ found that boil¬ 
ing sulphuric acid dis.solves platinum in considerable amounts 
f (in one experiment when boiling lo c.c. of acid in a covered 
dish for one hour, 0-0038 of Pt was di.ssolvcd). The attack 
is not due to atmospheric oxygen, for the same thing happens 
when heating in a current of an inert gas. l'-xce.s.s of sulphur 
dioxide, which may be conveniently generated by introducing 
a piece of sulphur into the hot acid, or may be passed in the 
form of a current, prevents almost entirely the solvent action. 

if it is assumed that at the temperature of attack there is 
a slight dis.sociation of the acid, thus liberating oxygen which 
would cause the action, this would account for the protective 
power of such reducing substances as excess of sulphur dio.xide, 
arsenious and antimonious oxides. 

.According to Marie," in the presence of oxidising substances, 
like persulphate, bichromate, permanganate, or chlorate, platinum 
is sensibly dis.solved, even at ordinary temperatures, by dilute 
or concentrated sulphuric acid. 

Impure platinum is mote or less acted upon by sulphuric 
acid than pure platinum, according to *the nature of the 
impurity. According to experiments *nade by Heraeus,^ an 
alloy of 90 per cent, platinum with 10 per cent, iridium, on 
boiling for forty days with sulphuric acid, lost only half as 
much weight as pure platinum ; an alloy of 95 per cent, 
platinum -p 5 per cent, iridium lost three-c^uarters as much as 
pure platinum. According tt) D 61 ( 5 pine,‘ the advantage of the 
alloy of 90 per cent, platiniftn with 10 per cent, iridium over 
pure platinum decreases after boiling for eight to ten hours. 

« • 

* Eij^hth Inter. Cong. App. C/nnn., 1912, i, 351-359; J. Chem. Soc.y 
>9i3> 2) 7'3- * * 

2 Comptes rend., 1907, p. 145 ; 1908, |v 475. 

® Chem. y.dt. Rep., 1891, p. 36. ■* Camples rend., 142, 631. 
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About the behaviour of sine towards sulphuric acid, we will 
only quote the fact that concentrated acid yields hydrogen, 
together with hydrogen sulphide, down to acid of the formula 
H„S 0 ^, 5 H., 0 . Acid of the composition yields 

pure hydrogen.' 

Tin is not acted upon by acid of the composition Hj,SO^, 

3HA 

Fluorides sometimes occur in blende, and they irtay cause 
trouble, as they arc converted into HF in the Glover tower, 
and this acid contaminates the sulphuric acid. I’rost'^ asserts 
that even a very slight quantity of HF in sulphuric acid causes 
great wear and tear of the lead of Glover towers and chambers, 
not only directly, but by facilitating the corrosion by sulphuric 
acid and the nitrogen acids. Most descriptions of blende 
contain only traces of fluorine, but once he found 7 per cent. 
(The experiments quoted in the original do not show any 
e.ssential difference between pure acids and those containing 
up to 2 per cent. HF in their action on lead. Gaseous HF' 
seems to act much more than that contained in sulphuric acid.) 

Action of Sulphuric Acid on Lead. 

Calvert and Johnson^ came to the conclusion that lead is 
all the more acted upon the purer it is, and that an energetic 
action only takes place by acid above the sp. gr. of i.j.o° Tw. 

According to experiments made by J. Glover,^ pure lead is 
less acted upon when suspended in a vitriol chamber than lead 
containing o-i to 9-75 per cent copper, or o-i to 0-5 per cent, 
antimony. N. Cookson" found that strong acids at a high 
temperature act more' upon lead containing antimony than 
upon pure lead, whilst weaker acid at a lower temperature 
acts the other way." 

In the north of England those rolling-mills which sell the 
sheet-lead to the* vitriol-vvork.s^ supply a special kind of 
“chemical lead” which is made from the melted-up old 
chamber-lead, pipes, etc.; in this case many impurities, e-spcci- 
ally^ antimony, from “ regulus ’’-valyes, etc., get into the lead, 

Muir and Robb, Chem. News, 45, 70. 

Chem. Zeit,, U502, p. 12. * Comptes rend., 56, 140. 

Chem. News, 45, 105. ^ Ibid., ro6. 

0 CJ. also^Macttar, Chem. News, 41, 236. 
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I'hich are supposed to improve its quality for acid- 
hambers. 

Napier and Tatlock' found tliat the action of sulphuric 
cid on lead at the ordinary temperature is accompanied by 
n evolution of hydrogen, which may cause bulging out of 
he closed Icj^d vessels in which the acid is sometimes sent 
mt for sale. 

An Extensive investigation on the action of sulphuric acid 
on lead made by Lunge together with E. Schmid has been 
published in Z.angew. C/tem., 1892, p. C42, also partly in /. Soc. 
Chon, hid., 1891, p. 146. We here give a very brief summary 
of their results, some of which are of great practical importance. 

1. At higher temperatures the purest lead in all cases resists 
both pure and nitrous sulphuric acid, with or without access of 
air, much better than “ rcgulus metal ” (82 Pb, i 8 Sb) or “ hard 
lead” (i-8 per cent. Sb), or even soft lead with only 0-2 per 
cent. Sb. In the cold, lead with 0*2 per cent. Sb is very slightly 
superior to the purest lead ; regulus metal behaves much worse, 
and hard lead worst of all. 

2. Concentrated nitrous vitriol is always more active than 
pure acid. In the case of somewhat dilute acid (sp. gr. i'72 to 
1-76), nitrous vitriol acts less than pure acid on soft lead and 
hard lead, owing to a protective coating of lead sulphate being 
formed. If the acid is more dilute, the action is again stronger 
{cf. below). In all cases nitrous vitriol a!tts more in the presence 
than in the absence of air. 

3. Comparing two samples of soft lead, the purer sample 
was found decidedly better ; even a very’slight proportion of 
bismuth (0-044 P^i" cent.) acts injuriously. 

4. It is altogether inadmissible to judge of the resistance of 

lead to sulphuric acid from the quantity of the gas (hydrogen) 
evolved. Soft lead gives off at the ordinary temperature, after a 
week’s contact, much gas ; hard lead, although losing much more 
weight, gives very little gas*(2rj”ir of the theoretical quantit)^, 
probably owing to gailvanie action. On thi.<' account, if sul¬ 
phuric acid is to be sent out in ti^itly-closed or soldercd-up 
leaden boxes, they shouW not be made of soft, but of»hard 
lead, since otherwise the hydroge# may bulge or burst the 
vessel.s. * 


' Chem. News, 42, 314, 
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5. (a) Lead containing up to o-2 per cent, cop/’cr (alloys 
containing more copper cannot be hornogcneously rolled) is in 
the cold acted upon by strong sulphuric acid more than pure' 
lead ; with nitrous acid there is not much difference. At' 
too’ all kinds of acid act in the same way on pure lead and^ 
on lead containing copper; concentrated pure ac,id rather less 
than concentrated nitrous vitriol, but more than nitrous vitriol 
of sp. gr. 1-72 {cf. No. 2). At 200” concentrated acid acts 
alike on pure lead and on lead containing 0-02 per cent. Cu ; 
lead containing more copper is slightly less acted upon by pure 
acid, but rather more by nitrous vitriol. 

{b) Above 200" (225 ’ to 255°) lead alloyed with I per cent. 
antimony is far more strongly acted upon than pure lead (in the 
proportion of 26’5 to i at 225"); but lead containing o-2 per 
cent, copper resists the acid at 235° much better than pure lead 
in the proportion of 1:17, and at 255 in the proportion of 
I : 26-5. 

6. ((/) I’ure soft lead gives no visible evolution of gas with 
f>urc concentrated sulphuric acid up to 220°. l''rom this point 
gas-bubbles arc continually given off, and at 260° the lead 
is rapidly dissolved with strong frothing, evolution of SOj, 
and precipitation of sulphur, the temperature rising to 275°. 

(A) The same lead, alloyed with 0-2 per cent, of copper, 
shows a visible evolution of gas only at 260°, rcgnlarly increas¬ 
ing up to the boiling-point (310"), at which the lead is very 
gradually dissolved. 

(e) Soft lead, alloyed with I per cent. Sb, gives with sul¬ 
phuric acid the first°visible gas at 175°, more strongly at 225°, 
and between 275° and a8o° there is the .same turbulent, sudden 
solution as in the case of pure .soft lead.' 

Hence the purest lead is subject to instantaneous solution 
by sulphuric acid at 260°. An addition of i per cent. Sb 
raises this temperature only about 20°, but 0-2 per cent. Cu 
completely destroys this liability to sudden decomposition. 

7. The percentage of oxygen ift lead is very slight even in 
extreme cases, and does not seem to have any connection with 
its liability to be acted upon by acid. But that liability, as 
may be imagined, is less when the density of the surface is 
mechanically increased. 

' See Barrs, infra. 
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8. The final considerations in selecting the kind of lead 

best suited for constructing apparatus for the manufacture of 
sulphuric acid arc as follows :— * 

For vitriol-chambers, towers, tanks, pifes, and all other 
instances xvhcrc the temperature can rise but moderately, and 
certainly nevett up to 2o6\ the purest soft lead is preferable to 
every other description of lead, being least acted upoji by hot acid, 
whether dilute or concentrated, pure or nitrous. 

Any sensible proportion of antimony is in nearly all cases 
injurious ; copper causes at least no improvement. This, of 
cour.se, docs not apply to those cases where the lead requires 
an addition to its tensile strength, nor to that mentioned of 
packages for acid to be closed air-tight. Hence an addition 
of about 0-2 per cent, antimony may be u.seful in the ca.se of 
apparatus which is only in contact with cold acid ; but with 
toarm acid even this percentage is to be avoided. 

For ve?y high temperatures, e.g. the hottest boiling-doivn pans, 
which ought not to be heated above 200", but may sometimes 
be raised to that point, an addition of o-I to 0-2 per cent, copper 
is advantageous, whilst antimony should be avoided here under 
all circumstances (cf. No. 6b). This percentage of copper has 
no action at 200“, but only above 220'’ ; and in the pre.scnce 
of bismuth it protects the lead from the sudden destruction 
sometimes observed. 

9. Nitric acid of sp. gr. 1-37 to 1-4*2 may be brought into 

contact with lead at the ordinary temperature, but no acid of less 
strength. Stronger acid than the above acts more powerfully 
upon lead, but no more than concentrated sulphuric acid. 
Mixtures of concentrated sulphuric acid e^id strong nitric acid act 
very little indeed upon lead, much less than either strong sul¬ 
phuric acid or strong nitric acid by them.selvcs ; such mi.xtures 
can be treated in lead vessels, at ordinary temperatures, if no 
moi.sture can be attracted from the air. Hot mixed acids acj; 
strongly on lead. * . 

10. Mixtures of siilplmfic acid ,find nitroso-sulphuric acid, 
partly also containing uitric acid, all of them originally contain¬ 
ing o-1 per cent. N, but by heating to 65° brought to the 
state in which they can really exist in vitripl-chambers, give^ 
the following results:—If a little nitric acid is added to dilute 
sulphuric acid, and the mixture is heated, a little IINO5 is 
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volatilised, but no nitrosyl-sulphuric apid is formed until the 
concentration has reached sp. gr. i'5. From this point oxygen 
escapes, and at sfH gr. i-ydS the whole of the - IINOa has 
vanished, SOjNII appearing in its stead. Inversely, nitric acid 
is formed from nitrous sulphuric acid on diluting it; in the case 
of prolonged heating, this evidently takes place net by splitting 
up into IINOo and NO, but by absorption of oxygen from 
the air. 

The action of the acid on lead is least just about the lowest 
point where the nitro.syl-sulphuric acid is still capable of exist¬ 
ing. It increases with its dilution, and in proportion to this, 
evidently through the formation of nitric acid, equally with its 
concentration, and later on rapidly so, the action of stronger 
sulphuric acid combining with that of nitrosyl-sulphuric acid 
and nitric acid. The minimum action is between sp.gr. 1-5 attd 
£•6 -—that is, just at that concentration above or below which the 
acid ought not to be kept in vitriol-chambers. This proves that it 
is not rational to keep the acid in the first chamber too strong 
{cf. Chapter III, Vol. 11 ). 

Hart' found the formation of easily fusible alloys of lead 
with aluminium, tin, or zinc to be the most frequent cau.se of 
the leaking of lead pans ; bismuth has a similar but slower 
action; antimony acts injuriously, but copper, arsenic, and 
silver very little, and copper, under certain circumstances, may 
even act as a protective agent. The physical condition of the 
lead is also of importance. 

C. F. Barrs,^ in giving the results of his investigation of the 
action of sulphuric acid upon lead, states that two brands of 
lead, supplied for chenfiical use, proved to be very different in 
their power of resistance to the action of concentrated sul¬ 
phuric acid. When a small portion of each was heated with 
concentrated acid it was noticed that one brand (A) containing 
0-002 per cent, copper was rapidly attacked by the acid at about 
250°, whereas the other (B) containing o-02 per cent, copper 
resisted the attack until a .temperature of 296° was reached. 

A further series of tests made on leati from various sources 
•showed that those in which copper was the predominating 
impurity were mpst resistant when heated with sulphuric acid. 

* J^Soc. Chem';Ind., 1907, p. 668. 

2 (^Review), 1919, 407. 
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Lead of the same composition as “ A ” was then alloyed 
separately with approximately o-2 per cent, of each of the fol¬ 
lowing metals:—copper, bismuth, arsenic, antimony, zinc, tin, 
and silver, and also with tellurium and sulphur. Small portions 
of each were then heated with concentrated .sulphfiric acid, with 
the results tajjulated below :— 



Fii -it acLiou. 

Action viJ^o^olIs. 

Lead a!<*ne (A) 

150" c. 

220 ’ C'. 

,, plu > 0*2 % copper 

210'’ ,, 

315" M 

,, ,, liismuUi . 

70” „ 

> 35 " 

,, ,, arsenic . 

2I.V „ 

260" ,, 

,, ,, antimony 

150’ „ 

220" ,, 

,, ,, zinc 

160" ,, 

200’ ,, 

,. „ tin . 

156“ „ 

232“ 

,, ,, Silver 

200'’ ,, 

262" ,, 

,, ,, tellurium 

190° ,, 

.?i6' ,, 

,, ,, sulphur . 

142'’ ,, 

„ 


The temperature of the “ first action ” was taken when a 
continuous stream of bubbles was seen to rise from the metal 
or alloy. The final temperature, “ vigorous action,” was noted 
when excessive frothing of the acid took place ; and although 
the heat was removed at this point, it was noticed with those 
metals or alloys attacked at the lower temperature that the 
action still continued very vigorously fi*r some time afterwards, 
whilst with the copper and tellurium alloys the action soon 
ceased when the heat w^s removed. 

Subsequent research has shown thaf, by subjecting the 
lead to refining heat treatment in, order still further to 
eliminate impurities, it is possible to obtain a metal which* 
will resist attack up to 280°. In other words, an increa.se 
in the purity of lead renders it more resistant to attack 
by acid. It has, however, been found dqsirable in most cases, 
to add a small percentage'of copper (0'02-0-05 per cent.) to 
ensure obtaining the maximum resistance. 

D. W. Jone.s,' in giving his conclusion upon the subject, says 
“ that at higher temperatMres the purest lead resists botlf pure 
and nitrous sulphurous acid much Jjetter than regulus metal or 

hard lead.” * 

» 

Soc. Chem. Inti. {Trans.), 1920, 39, 221T 
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He also recommends the addition of copper to ensure 
obtaining the maximum resistance. 

To determine tRc quality of chemical lead he states that it 
is customary to make examinations by all or any of the follow¬ 
ing methods — 

1. Heat in 96 per cent, sulphuric acid up t() 290° in five 
minutes, cool to too’, and ob.scrvc loss in weight. 

2. Heat in 91-92 per cent, nitric acid. No appreciable 
action should occur in fifteen minutes. 

3. Heat in a mixture of 40 per cent, of nitric acid, 52 per 
cent, of sulphuric acid, and 8 per cent, of water. No appreci¬ 
able action should take place between 93” and 109". 

4. Heat a filed surface in a mixture of I vol. of hydro¬ 
chloric acid, sp. gr. 1*14, 2 vols. of nitric acid, sp. gr. 1-50, and 
3 vols. of water. The time required for spots of lead chloride 
to appear, and the time at which vigorous action takes place 
after boiling, are noted. 

5. Heat in concentrated sulphuric acid and observe the 
temperatures at which bubbles of gas are first evolved and at 
which the lead decomposes. 

Of these methods No. 5 is the one most generally favoured. 
When under observation by this method, in .some cases the 
decomposition of lead is sudden, total, and violent, and is 
attended by a rise of temperature up to 27^ after removing 
the source of heat. V^ith a good quality lead, decomposition 
proceeds .slowly, and is arrested when the source of heat is 
removed. The temjjerature recorded is that at which the 
solution becomes .slightly turbid owing to the formation of lead 
sulphate. Since it has-been found that 96 per cent, sulphuric 
acid (by wt.) gives figures comparable with those obtained when 
chamber-acid is used, all observations refer to trials conducted 
with pure acid of this concentration. 

. The tests described vi/ra were carried out under the follow¬ 
ing egnditions :—A test piece of rolled lead i sq. in. in area 
and jV in. thick (correspo|jding approximately to sheet 4 lb. 
per .sq. ft.) is heated with 30 c.c. of 96 per cent, sulphuric acid 
at such a rate that the temperature o'f the acid reaches 300° in 
five minutes. « 

A suitable chemical le^d when tested in this way evolves 
bubbles of gas at i90°-2oo° and decomposes at 300°-3i2°. 
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The following figures have been obtained from the examina¬ 
tion of many hundreds of samples of lead refined by the Parkes 
process, including English, Spanish, Australian, and American 
supplies:—Bubbles of gas evolved : average, 187°; maximum, 
212°; minimum, 146°. Lead decomposes: av'erage, 235°; 
max., 280° ; vTiin., 183°. 

Thus Parkes lead without further treatment is unsuitable for 
use in many operations (see supra). To test the effect of 
impurities on the chemical properties of lead, additions of pure 
metal were made to a Parkes lead containing Cii 0-003 
per cent., Bi 0-007, Fe o-ooi8, Ag 0-0005, Sb 0-006, Zn 
0-0018, Sn, Ni, Co, nil. As, Mn, traces, Pb (by diff.) 99-9799 
per cent. The results of these additions arc shown in the 
following table :— 

I. Behaviour of Parkes Lead lohen heated in Sulphui'ic Acid. 


a. Clas evolved, b. Lead decomposes. 


rftit'cntuf'o of 
iiB't.'tl added. 

Cu. 

ai). 

Cu and .Sb. 

Kqiial of r.K 

ol these, in tliii .ntiioun 
stated, wiie added. 


a. 

b 

a. 


a. 


Nit. 

191° 

254" 

191" 

254° 

191“ 


0*005 

190° 

277" 

179" 

205" 

186' 

259 

0*01 

198° 

2SL 

180" 

210’ 


275' 

0*02 

195" 

2SS' 

i 7 <)‘’ 

212" 

189" 

2S4" 

003 


291 " 

I So" 

.206" 

203’ 

289“ 

0*04 

176’’ 

290" 

179" 

*202° 

196" 

286" 

0*05 

171;" 

2').S° 

182’ 

203“ 

197° 

277“ 

o-o6 


29 ()" 

••• ♦ 

192" 

220" 

• 

190"’ 

284’ 


With copper alone, and with copper»and antimony together, 
partial decomposition occurred. At 0-06 per cent. Cu and Sb 
local action was observed, streams of lead sulphate being 
formed, which di.ssolved 20° below the recorded decomposition 
temperature. . 

It is of interest to note liow the addition of a number of 
elements affects the resistatfte to attack by sulphuric acid upon a 
lead known to posses.s this property. P'or this purpose the lead 
used was prepared from farkes lead on a commercial seal* by a _ 
process which is the subject of a patent granted to his firm in 
1920. It contained Cu 0-0009 cent., Bi 0-0007, Ffe^ 
0-0003, Ag 0-0005, Sb 0-0002, Zn 0-0019, Sn,. As, Cd,. Ni, 
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Co, nil, Mn traces, Pb (by diff.) 99-995 5 pcr cent. The results 
of these additions are shown in the following table: — 

II. Behaviour of Chemical Lead when heated in Sulphuric Acid. 


a. C.as evolved, k Lead decomivoses (° C.). 


IVicPiita'.'n 
ot addition. 

(;u. 

tih. 

Cu niid SI). 

Zn. 

. J*. 


a. 

/>. 

tl. 

/>. 

a. 

k 

a. • 

k 

a. 


Nil. 

202' 

314” 

202" 

314" 

202" 

314" 

202° 

314° 

202" 

314 

0-005 

21 f 

314“ 

208" 

295" 

197” 

309° 

180° 




O-OI 

209'’ 

3 ' 4 ° 

198" 

244 

204 

299” 

314" 



0*02 

205' 

3 ' 4 ’ 

2or 

212’ 

211“ 

300’ 

180“ 

319 

219 

277' 

0-03 

196’ 

314" 

203^ 

219' 

207 

305“ 

200'’ 

312“ 



0-04 

193" 

3 i«' 

203'’ 

216’ 

192° 

307' 

197° 

309' 



0-05 

209'’ 

314" 

2or 

222" 

202'^ 

304° 

176- 

314" 



0-06 

20’}'' 

316' 

205’ 

215' 

193" 

314' 

... 




0-oS 









219' 

290 

of a<l<hlioii 

H 


Sn. 

Bi. 

Bi and Sb.* 




a 

k 

a. 

k 

a. 

k 

< 7 . 

3 



Nil. 

202' 

3 ' 4 ° 

202" 

3 ' 4 ” 

202' 

314° 

202" 

314" 



0-005 





205"* 

3 ' 4 ° 

204° 

314° 



O-OI 


... 

197" 

314“ 

198" 

314“ 

210'' 

300 



0*02 

iSy” 

308" 



198“ 

3 ' 4 " 

188“ 

200" 



0-05 



200^^ 

305" 

199" 

308- 





0-04 





198- 

302” 





0*05 


... 



198° 

273’ 





o-o6 


... 

"Y.” 

3 > 4 ° 

198° 

276° 





o-o8 

iKy" 

283" 




... 

... 





* With 0*04 per ct'iU. Bi and 0-005 = *99^ ^ = 270" ; with 0-04 por ctnt. 

Bi and o-oi cent. JSb <73.198'’, ^ = 283'''. 


Remarks .—With the original metal, and also when copper 
was added, partial decomposition occurred, the action soon 
ceasing when the source of heat was removed. With 0-005 
per cent. Sb total decomposition was observed, lead sulphate 
being formed at 2?o° ; with higher percentages total and 
violent decompositions occurred. With Cu and Sb there was 
partial decomposition, with indication of lead sulphate about 
10° below decomposition point. With zinc partial decom¬ 
position occurred ; no indication of lead sulphate except with 
0-02 per cent, and 0-05 per cent With phosphorus and 
mercury, total decomposition was observed. With tin, partial 
decomposition occurred, with slight indication of sulphate at 
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260°. With 0-005 per-cent, and o-oi per cent. Bi decom¬ 
position was partial, with 0-02-0-04 percent, total, and 0-05- 
0-06 per cent, sudden, total, and violent. With 0-005 per cent. 

Bi and Sb decomposition was partial, with 0-01 per cent, total, 
and with 0-02 per cent, more sudden, violent, and lotal. 

This work has been confined to the addition of compara¬ 
tively sinall amounts of impurities, many of which are known 
to exist in commercial lead, with the object of devising methods 
of eliminating those impurities found to possess a deleterious 
effect. 

From the above tables it is evident that the pre.sencc of 
antimony in lead to the extent of 0-01 per cent, renders it 
unfit for use in the manufacture of chemical plant. 

With 0-06 per cent, of added antimony the temperature of 
initial attack is restored ; but as this amount is never found in 
commercial lead (which is usually of a purity of 99-98 per cent.), 
and it is not conceivable that an addition of 0-06 per cent, 
antimony would materially lead to additional strength, there can 
be little or no advantage derived from the fact. 

Hard lead sheet and pipe containing 0-75-5-25 per cent. 

Sb in no case gave a higher decomposition temperature than 
244°, but at temperatures above 220^ signs of gas bubbles 
aie first observed when this type of lead is heated in con¬ 
centrated sulphuric acid. 

Antimony, therefore, if present in lead in practically any 
proportion above the most minute, will, in the absence of a 
known corrective agent, be the cause of immediate breakdown 
if temperatures much over 200° are employed. 

Copper also has a marked effect in rt^lucing the temperature 
of initial attack by sulphuric acid. The figures in the tables 
point to the fact that there is a danger zone lying beyond 0-03 
per cent, in lead of the Parkes type, and in the “ chemical” 
lead clearly defined between 0-03 and a-045 per cent. If 
copper be introduced, due consideration must be given tp the 
above-mentioned factors. * , 

The effect upon the decomposition temperature of the 
addition of copper upon a Parkes lead is most beneficial ; . 
0-005 P^f cent, introduced shows a iise of as ijauch as 23°, and 
at the same time is sufficient to pjevent the vigorous action ,, 
which cau.ses the whole of the lead to be converted hito sulpk-ate 
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and consequent total destruction. The gain achieved by intro¬ 
ducing 0-03 per cent, is 37°, and brings an ordinary lead within 
measurable distance of chemical lead. No remarkable effect 
ensues from the addition of copper to a pure chemical lead ; 
a gain of 4° by 0-04 per cent, addition is all that calls for 
comment. 

Most probably the reason for the statement previously 
quoted from Percy is, that the soft lead derived from pure ores 
contained about o-oi per cent. Cu ; similar lead to-day approxi¬ 
mates to that amount and compares very nearly in all respects 
with Farkes lead when o-oi per cent. Cu has been added. Such 
lead may have been more resistant to acid than dcsilverised lead 
manufactured at that period, especially when it is remembered 
that pan concentration of sulphuric acid was more universally in 
use. Pure lead is, however, manufactured to-day which with¬ 
stands the action of hot concentrated sulphuric acid without 
being instantaneously dissolved when heated beyond 300°. 

The effect of copper in counteracting the harmful influence 
of antimony in lead is evident from the tables. In no case is 
total decomposition brought about, which, with antimony only 
present to the same extent, would result in every instance. 
With between 0-02 and 0-03 per eent. of antimony and copper 
there seems to be a rise in the temperature of initial attack; 
this fact may bo of some value if lead, containing these 
amounts of antimony‘and copper, is used for purposes dealing 
with concentrated acid at comparatively low temperature.s. 

Zinc, when present in lead even in very small amounts, is 
generally supposed to destroy in a marked degree the power 
to withstand the corrotuve action of acid ; this is not borne out 
by any work undertaken by the author, which embraces the 
examination of chemical lead, prepared by different methods, 
to which additions of zinc have been made. The temperature 
at which the fir.st action is discernible is lowered in all cases. 
At 9-02 and 0-05 per cent, a "degradation of resistivity is 
evidenced by the formation of Ie!Ld sulphate much below the 
temperature of complete solution. At 0-03-0-04 per cent. 
Zn ' a critical stage exists where this injurious effect is not 
operative. _ 1 

Mercury when alloyed with lead has a deleterious effect 
upon its “ ohemfeal ” properties. By amalgamation this effect 
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is more serious. If i per cent, of mercury is rubbed over the 
surface of a piece of chemical lead until amalgamation appears 
to be completed, allowing one hour as contact’time, the product 
is very sensitive to the action of hot concentrated sulphuric 
acid. At 170" lead sulphate is formed copiously. If the 
heating be discontinued at this stage the action of the acid will 
cease on cooling to 70°. After washing the lead sulphate from 
the trial piece it will be observed that pitting has proceeded 
over the entire surface, and minute globules of mercury can 
be seen under the microscope. If this piece of lead be again 
heated with sulphuric acid, action will commence at i 80 ’, and 
sudden, total, and violent decomposition will take place at 220'. 
Repeating the above, but allowing contact over-night between 
the lead and the mercury for more complete amalgamation, a 
distinct action is noticeable on heating to 50°. At too total 
decomposition accompanied by the usual phenomena takes 
place. Using o -1 per cent, of mercury on the weight of lead 
of standard size (f.r. just sufficient tcj cover one-third of the 
area), and allowing two hours for amalgamation, a distinct 
vigorous action commences at 100°, and total solution takes 
place at 215°. 

Tin has a degrading influence upon lead intended for 
chemical purposes, though not to the extent generally believed. 
Since it is easily removed by refining methods of to-day, it is 
not usually found in lead in more than nlinute traces. 

Bismuth, .so frequently a.ssociated with lead of American 
origin, is decidedly injurious if present above 0-04 per cent., 
and even at 0-02 per cent, it causes total decomposition in an 
otherwise resistant lead. The addition’of 0-02 per cent, of 
copper to lead containing 0-05 per cent, bismuth will be 
sufficient to raise the temperature of decomposition from 273° 
to over 300“. 

The combined effect of antimony and. bismuth is note-^ 
worthy. The addition of o-( 5 o 5 per cent, of each metal leaves 
chemical lead practically uifeltered, ^ut when 0-02 per cent, 
antimony and 0*02 per cent, bismuth arc present there is a 
difference of only 12° betw*een the temperatures of first action 
and of violent decomposition. • , 

Doubtless the poor chemical quality of I’arkes lead in some 
instances is due to its containing antimony and ^sismuth -in 
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some peculiar proportions, as singly their effect when added to 
a pure lead is not so pronounced. 

Investigating the cause of the breakdown of lead concentrat¬ 
ing pans, Hart ‘ stated that 200° is never e.xcecdcd in this 
class of work, and that the trouble occurs when the acid has 
reached a sp. gr, of i-65-i'675, and may occur,at sp. gr. 1-63 
after constant use for a long period. A possible explanation 
of these defects might lie in the peculiar behaviour of pure 
lead to which antimony and bismuth have been added. 
Though these metals may not originally be present in lead in 
the exact proportion which leads to decomposition at or even 
below 200°, a selective action of sulphuric acid upon lead 
known to contain bismuth and antimony may ultimately bring 
about conditions resulting in breakdown in pan concentration. 

A practical method favoured by acid manufacturers of test¬ 
ing lead intended for chambers is to expose a sheet, previously 
weighed and measured, to the exit-gases of a No. i chamber 
(the gases at this point are considered most corrosive), and 
note the loss per unit of area exposed over a given period, 
usually not less than three months. 

The following are the details of a trial, as described, upon 
four different samples of sheet lead exposed to the action of 
chamber-gases for 130 days :— 


I. 

ilesonption. 

Ih'liaviunr when hi'atrd 

HI sulphuric acid. | 

Gas lii'ulde* 1 

Area, 

8i|. HI. 

J-iiss per 
s'l. iu., 

n'llS. 

i 

('vohtsl. 

‘0. 

COIllpO'l'S, 

„ 1 

_ 


ratlinsun lead . 

200 

316 ! 

19-500 

1-274 

Do. +0*38 per cent. Cu 

■^15 

325 

19-132 

1-323 

I’atlinson lead (old sheet from the 





side of a No. 4 chamber) 

210 

300 

26-800 

0-749 

Chemical lead prepared from 





Parkes lead .... 

202 

3 M j 

' 9-750 

1-254 


The behaviour of sheet lead w,hich had seen previous service 
is remarkable ; this had 'a fine coating^ of lead sulphate on its 
sur/ace, which was not removed before beginning the trial. It 
is possible that, not being an immersion test, a protective 
action is exercised by this coating of lead sulphate. Apart 


* J. Soc. Chem. Ind., 1907, p. 504. 
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from this result pure lead shows the smallest loss, and a 
Pattinson lead shows a smaller loss than the same lead to 
which copper has been added. • 

Assuming the loss of pure lead to be unity, and that lead of 
7 lb. per sq. ft. is under consideration, the increased loss suffered 
by Pattinson lead in chamber work as compared with pure lead 
would be^5-7 Ib. per ton of lead per annum ; and for Pattinson 
lead containing 0-38 per cent, added copper, 19-6 lb. per ton 
per annum. 

Of the whole of the elements used for additive purposes, 
there are only two which consistently c.xcrt a beneficial 
influence upon the chemical properties of lead, viz. copper 
and sodium ; this is most marked with non-chemical lead, 
and in the case of copper does not apply to any extent to 
additions made to a pure chemical lead. Avoiding tho.se 
quantities which produce a fall in the temperature at which the 
first action is discernible, something may be said in favour of 
lead containing copper on account of a gain in strength and 
rigidity thereby .secured. It is by fatigue, produced by constant 
use above normal temperature, that lead often becomes un¬ 
reliable ; here again the introduction of copper .should prove 
advantageous. 

Of other additions it may be said that they are injurious in 
their effect, though in most cases not to the extent generally 
supposed. There is one outstanding instance, viz. antimony, 
which, if present in lead in quantities which a commercial metal 
may contain, will effectively debar its use as “chemical” lead. 

Chemical lead is sometimes subject to local action, attributed 
to oxides which in places become rolled out into the .sheet. 
By a careful control of casting temperature alone this .source of 
danger can be largely eliminated. 

Reference to the table supra will show that local action 
is most pronounced when copper and antimony are together, 
present in lead. 

In spite of the fact that Copper caji function as a corrective 
agent and will counteract the injurious effect of antimony and 
bismuth in lead, the author is yet in agreement with Rhead,' 
who has emphasised the importaiKe of usipg pure lead in 
connection with acid plant. 

1/. Soc. Chem, I/td., 1920, p. 128R. 
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William G. McKellar ' gives a very interesting account of his 
investigations into the action of sulphuric acid upon samples 
of lead sheet, and* concludes as follows :— 

“ Analysis alone is of no value in disclosing the source of 
trouble in fcad, but if used in conjunction with micrographic 
work progress would be made.” , 

He states that he is satisfied that there is no alloy of copper 
with lead at the end of the scale where lead predominates, or, 
in other words, it is not possible to produce a solid solution of 
copper in lead, and continues :— 

“ The varied results obtained with different leads which had 
been treated with copper, lead to the conclusion that the pro¬ 
tective value of the copper is mythical. There might be some 
value in treating lead at the last stage of refining with a 
proportion of liquid copper, which, after thoroughly stirring 
through the molten charge, should be allowed to settle off. 
It should not be poured along with the lead. In this case the 
copper might act beneficially as a scour by alloying itself with 
certain prejudicial metals which are likely to be present with 
the lead, but great care would be required to see that all the 
copper was actually settled out, otherwise in the atmosjrhere of 
an acid-chamber there is every probability that the destructive 
galvanic action would be set up by the presence of copper.” “ 
Action of Sulphuric Acid on Reinforced Lead .—A method 
for reinforcing lead Vor use in chemical plant is described 
by Messrs C. Baskcrville and C. M. Wales.^ When lead is 
suspended in large sheets or pipes it creeps or sags, so that it 
must be held in position, and frequent supports are necessary 
to hold the lead in pli.ee. 

Many of the troubles in the use of lead have been entirely 
overcome and others materially diminished by reinforcing it 
with iron- or steel-wire gauze or perforated sheets, which are 
embedded within the lead (U.S. P. 1280098 and 1280909). 
The elastic limit has in this waji been increased four- to five¬ 
fold, and the tensile strength has teen increased two- to three¬ 
fold. The variations observed were due to differences of gauge 
of Wire and mesh of gauze used. “ Both may be materially 
increased by increasing (within limits) the gauge and looseness 

'/. Soc. Chem. Ind., 1921, pp. 137-141T. “ See Jones, supra. 

■8 Chem. and Met. Eng., New York; Chem. Trade /., 1920, p. 150. 
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of weaving the gauze. When manufactured, the lead or lead 
alloy may be somewhat rough on the surface and unnecessarily 
thick. Both faults are easilj^ remedied by rolling, as in making 
sheet lead. Lateral extension of 20 per cent, and elongation 
of 30 per cent, have been obtained, the main care being 
against tearing the reinforcing wire gauze. Sheets 4 ft. 6 in. 
by 5 ft. 6 in. have been made. For obvious reasons, smoothing 
the surface is advisable only when the reinforcing member is 
perforated sheet iron or steel. 

The reinforced sheets may be bent or shaped almost at 
will, as the lead does not fracture when bent. They may be 
cut, and the joints are easily burned together in the same 
manner as ordinary sheet lead is burned. The edges may be 
overlapped to form a pipe and burned in position. A pipe 
8 in. in diameter, made up of reinforced lead 0-2 in. thick, 
collapsed at 85 lb. per square inch prc.ssure. 

Action of Sulphuric Acid on Cast-iron. 

The behaviour of cast-iron towards sulphuric acid is of great 
technical importance. It has been known for many years that 
concentrated oil of vitriol acts very little indeed upon cast-iron, 
whether hot or cold, provided that air is excluded, the moisture 
from which would dilute the acid and cause it to act more 
strongly. 

During the War manufacturers obtained considerable ex¬ 
perience in the storage of acid in metallic containers, in the 
mixing of nitric and sulphuric acids, and innumerable other 
purposes where strong acids have to be manipulated cither hot or 
cold, and even for the last concentration cf sulphuric acid itself 
Dilute sulphuric acid, if the dilution be not too strong, acts 
very little on cast-iron in the cold or at a gentle heat, if air be 
excluded ; it can therefore be employed for “ acid eggs,” in 
which chamber-acid is forced up, in lieu of pumps, and for 
similar purposes. 

It is usually assumed that some descriptions of cast-iron 
resist the attack of acids more than others. This point, 
together with some others of importance, has been the subject 
of experiments by Lunge and his collaborators.' 

1 Chem. Ind., 1886, p. 74. A full report is also given in the second 
edition of Lunge, pp. 141-143. 
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These experiments lead to the following; conclusions;— 

1. At the ordinary temperature all acids down to 106° Tw. 
act very little on all descriptions of cast-iron, if the access of 
air is prevented. 

2. At K)o', the action is much stronger. It is least in 
the case of acid of 168“ Tw., times stronger with acid 
142° Tw., and 3 times stronger with acid 106° Tw. 

3. At the boiling-point of the acids the differences are far 
more pronounced. Acid of 168° Tw. acts very little even then 
{i.e. at 295 ’), either in the pure state, or as commercial acid 
(containing a little ^'203), or when containing a little SO2. But 
acid of 142 ’ Tw. acts (on an average) 14 times .stronger at its 
boiling-point (200°) than the .same acid at lOo ’, and 20 times 
stronger than acid of 168 Tw. At 200° commercial acid of 
142° Tw. docs not act very differently from pure acid of the 
same strength. Hence it is not feasible to concentrate acid 
of 142" Tw. to higher strengths in iron vessels. Acid of 106° 
Tw. at its boiling-point (= 147°) acts rather less than acid of 
142° Tw. at 200“, but still 14 times as much as acid of 168° 
Tw. at 295°. There is no difference between pure and com¬ 
mercial acid in this case. 

4. The difrcrences between various mixtures of cast-iron are 
of no importance against acid of 168“ Tw. in all cases, and 
against the weaker acids at 20" and iOo“. But the latter 
acids at their boiling^-Iioint act decidedly less on charcoal-pig 
and on chilled cast-iron than on all other kinds. A difference 
between hot and cold casting could not be found. The 
strongest attack took place on Scotch pig and on mixtures 
containing this. <i 

In another scries of tests, the action of monohydrated sulphuric 
acid on various metals was examined, both on standing six 
days at 20’ and on heating two hours to 100°, always with 
exclusion of air. .The loss of weight was :— 
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Lo.ss i»nr cont. 

Ia) 8S in grains pei square 
cpiitimeti H of sni lace. 


0 (l.tys at 
•JO’. 

2 iicurR at 
100^ 

(5 (lays at 
20'. 

2 ]M>nrs at 
luo" 

• 

Cast-iron 
Wrouglit-iron . 
Co|)pcr 
r.ea<l 

0 041 
0*175 

2-6 iO 

3.4S0 

0-071 

0*313 

excessive 

3*650 

0-062 

0-0^6 

M15 

1.790 

0015 

0-095 

excessive 

1.847 


Knietsch ’ gives the following tabic respecting the action 
of sulphuric acid of various strengths on cast-iron, mild steel 
(“ Flusseisen ”), and puddled iron. The cast-iron contained 
2-787 per cent, graphite and 3-55 per cent, total carbon, the 
mild steel 0-115 per cent, carbon, and the puddled iron 0-076 
per cent. The figures denote the loss of the metal per super¬ 
ficial metre and hour in grams, after treating with acid for 
seventy-two hours at 18° to 20°, with c.xclusion of air. 


lfaS ()4 
per cent. 

80.1 

p'T Cl-llt. 

Cast-iron. 

Mll.l steel. 

rud.iit-d 

48-8 

• 39-9 

0-2177 



6i-2 

50-0 

0-1510 


0-3032 

1 67-7 

55-3 

0-0847 


0-0789 

73-4 

59-9 

0-0662 


0-0623 

79-7 

65.0 

0-1560 


0-II59 

83-7 

68-4 

0-1388 


0-1052 

85-1 

69-5 

0-1306 


0-1054 

88-2 

72-0 

0-1636 


0-1417 

90-6 

73-9 . 

0-1760 


0 1339 

92-0 

75-2 

0-0983 

... t 

0-1040 

93-0 

75 9 

0-0736 

0-09S7 

0-0855 

94-3 

77-0 

0-0723 

o -''987 

0-0708 

95-4 

77-9 

0-1274 

0-0933 

O-1209 

96-8 

79-0 

0-1013 

0-0815 

0-0988 

98-4 

8 o -3 

0-06S1 

0-0533 

00655 

98-7 

So-b 

0-0589 

0 0509 

0-0570 

99-2 

8i-o 

0-0568 

0-0418 

0-0504 

99-30 

81*07 

0-057 

0-042 

0-050 

99-50 

81-25 

o-o6o 

0-038 ’ 

0-049 

99-77 

81-45 

S-066 

0-042 

0-049 

100*00 

81-63 

jo-087 

0-088 

• 

• 0-076 ' 


Ricevuto ^ found a cast-iron dish, which resisted the action 
of acids particularly well, to contaiij 9-24 per cent. Si, 0-526 
per cent. P, o-o8o S. 

1 Her., 1901 , p. 4109 . 


“ Chem. Zeit., 1907 , p. 960 . 
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Action of Sulphuric Acid o,i Iron Alloys. 

If heated clean iron be exposed to hydrogen containing 
about 5 per cent, of silicon hydride (the gas evolved on treat¬ 
ing magnesium silicide, SiMg.^, with dilute hydrochloric acid), 
silicon is deposited upon it as an even coating, and the 
protected metal w'ill completely withstand the action of hydro¬ 
chloric acid for at least two weeks, Silicon is not deposited 
in this manner on copper, nickel, or aluminium.' The resistance 
of alloys containing nickel has been investigated by Roland 
Irmann.^ 

A Bulletin recording the results of “A Preliminary Study 
of the Alloys of Chromium, Copper, and Nickel,” by Messrs 
D. h'. McFarland and O. F 2 . Harder, has been issued by the 
University of Illinois Fmgineer Experiments Station,® and 
analyses arc given of the various copper and nickel alloys. 

The growing interest in special acid-resisting alloys and 
the many uses found for them, say the authors, has stimulated 
both the search for efficient materials of this nature and the 
study of the causes underlying their merits. 

The writer made some exhaustive tests on the action of 
acids on “ Monel ” metal, which consists of— 


Cu 



28-90 

Ni 


68-40 

67-02 

Fc 


3-10 

175 

A 1 


•30 

■27 

Mn . 


2-10 

1-74 



.25 

•30 

Si 


•02 

•02 



100-00 

too. 00 


and found great fcsistancc to the action of acids, even at 
high temperatures. 

Duriron metal contains approximately: silicon 14 per cent., 
manganese about 0-35 per cent; total carbon 0-20 to 0'6o 
per cent, phosphorus o-i6 to o-2aper cent, and sulphur under 
0-5 per cent 

*‘ir. Verein. deulsch. Ingen. Dec. 7, 1^18. 

2 Metall und Erz, 1917, 21-30, 37-42 ; from Chem. Zentr., 1917, 

I, 1069-1070; J.'Chem. Soc., 1917, 2, 478, to which the reader is 
referred. , 

5 Chem. T>adt J., 1917, p. 404. 
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Its coefficient of expansion is about three times that of cast- 
iron, so that the initiation of a special foundry technique was 
found necessary.^ 

The silicon-iron alloys on the market, such as Tant-iron, 
Ironac, Narki, and others, have their respective qualifications. 

According Chemical Age, 1921, p. 121, corrosion tests 
have been made with pieces taken from large vessels con¬ 
structed of “ Ironac,” and these showed results of a convincing 
character. With sulphuric acid of 65 per cent., whicli had 
been boiled at 150° for 72 hours, no corrosive effect was per¬ 
ceptible. With mixed acid, 65 per cent, sulphuric acid, 2 per 
cent, nitric, 33 per cent, water, subjected for 24 hours to a 
temperature of 150", no corrosive effect was discernible. 

Aitchison ^ investigated the action of 10 per cent, sulphuric 
acid on steels alloyed with vanadium, chromium, tungsten, 
nickel, cobalt, and manganese. Vanadium docs not pass into 
solution until the steel contains 5-4 per cent, of the metal, 
showing that up to that point the whole of the vanadium 
is present in the state of carbide, which is not attacked 
by sulphuric acid under the conditions of the experiment. 
Chromium is present both in solid solution and in the carbide, 
and the latter is slightly attacked. Alloys containing large 
percentages of chromium, however, give up very little to the 
acid. Tungsten is entirely present as carbide up to 11-5 per 
cent, and this is not attacked by acid. Nickel, on the other 
hand, is present only in solid solution until high percentages 
are reached, whilst cob;»lt is contained only as carbide. 
Manganese is pre.scnt both in solid solution and in the carbide, 
the latter being partly attacked owing' to its fine state of 
division in the sorbitic pearlite. Double carbides are much 
less susceptible to attack by acid than pure iron carbide. 

Action of Sulphuric Acid on Wrought-Iron and Steel. ^ 

Wrought-iron is much more acted upon than cast-iron by 
weaker acids, as appears from*some of the above-quoted investi¬ 
gations, but at the ordfnarj^ temperature it resists the acdon 
of strong sulphuric acid down to 140° Tw., and probably even a 
little below that strength. Where, however, thtough the action 

1 Chem. Trade J., 69, ^€'Z. 

2 Trans. Chan. Soc., 1916, 109, 2^8. • 
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of moist atmospheric air, the acid gets more diluted, a very 
strong action sets in. Hence the wrought-iron vessels in which 
sulphuric acid is now very generally carried must be protected 
inside against any access of air when empty; and at the 
manholes, etc., where temporary acce.ss of air is unavoidable, 
they arc best protected by a sheet of lead. 

P'awsitt and Powell' have made a very extensive study of 
the action of sulphuric acid upon iron and steel, the results of 
which they summarise as follows ;— 

1. Concentrated sulphuric acid acts at the ordinary tem¬ 

perature on steel and on some kinds of ca.st-iron, the 
products being ferrous sulphate and hydrogen with a 
small quantity of sulphur dioxide. 

2. The reaction proceeds more rapidly with rise of 

temperature, and the gaseous products at 18o° arc 
sulphur dioxide, with occasional small quantities of 
sulphuretted hydrogen, but no hydrogen. 

3. The rate is increased on the average about three times 

for each 10° rise of temperature. 

4. The rate of reaction depends on the concentration of the 

acid, but for small dilutions the ratio of hydrogen to 
sulphur dioxide in the mixture of gases evolved 
remains almost unchanged. 

5. Although the rate of reaction depends to a certain 

extent on the composition of the sample of iron, as 
indicated by the large difference between steel wire 
and pig - iron, an important factor governing the 
reaction with any one sample appears to be the 
condition of the surface of the iron. 

6. Laboratory experiments on the rate of reaction were 

found to give results similar to those obtained on the 
large scale. 

7. P'or the carriage of iron drums containing sulphuric acid, 
, it is possible to calculate the conditions for safe 

carriage in any {^articular instance. 

Further investigations have been made by C. E. Fawsitt,^ 
who states that there exists some uncertainty as to the safety 
of transporting .concentrated acid in iron or steel drums, and 

1 /. Soc. Chem. Ind., 1914, 33, 234-237. 

' 2 Ibid. {Trans.), 1920, p. 147. 
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much more investigation is required on the action of sulphuric 
acid on iron on account of the importance of the matter in 
chemical industry. 

Some of the factors which influence the action are :— (a) the 
kind of iron used—this depends on the chemical •composition 
and also on the structure of the metal ; (fi) the nature of the 
surface of the iron, /.e. whether rough or smooth, or covered by 
any film* of solid, liquid, or gaseous substance ; (c) the concen¬ 
tration of the acid ; (</) the temperature ; (e) the presence of 
impurities, or additions of foreign substances to acid or iron ; 
(y) mechanical influences, such as shaking. 

The factors under headings (a) and (rf) were to some extent 
discussed in the earlier article. Some work under heading (t) 
has been done by Knietsch.^ 

The manner in which the addition of water increases the 
rate of action on iron depends apparently on the kind of iron 
used. Using steel wire containing C 0-5 i, P 0-046, Si 0-083, 
S 0-058, Mn 0-48 per cent., the velocity of action, found by 
Fawsitt and Pain, is as indicated in the table infra. When the 
acid and steel were shaken together, the rate of action was 
measured by weighing the steel before and after action, but 
these results are also calculated to show the average volume of 
gas evolved. 


Weight of steel iiseil, 5 grams ; surface, 36 bi|.|cm.; tempoiature, 30 ' ; 
time, 2S days. 



Steel and acid 

Steel and acid shaken togetlifT. 

Conct'nlmtion of .sul- 

ininliakAi. 
Average vol. (for 28 

« 

Oalc. average Mil. of ga- 

IV- rtvitl 

days) of gas evolved in 

Loss of wcMght of, in 

evolved during 28 flays 


c. c. per hour per sq. dcni 
of steel surface. 

(28 flays 'rams). 

(c.c. per hour per 

Bfl. dem.). 

97*4 


0-099 

0-17 

94-0 

0*27 

o-86i 

1-46 

90.9 

0-31 

1*222 

2*07 

89-3 

o-o6 

0-140 

0*24 , 

87-9 

0-28 

0-523 

0-89 

850 

0-30 , 

0-526 

0-89 • 

8o-o 

2-5 • 

i?- 9 i 5 

4-94 


With the particular class of steel used here, the velocity 
increases as the acid is diluted frotn 97 per cent, to 90-9 per. 

' J. Soc. Chem. Ind., 1902, p. 343. • • 
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cent. HjSOj; it then appears to drop rather suddenly at the 
next concentration (89-3 per cent.). ' After the concentration 
has dropped to S5 per cent, the velocity increases very decid¬ 
edly. It would be of interest to examine more exactly the 
effect on strengths between 91 per cent, and 88 per cent. 
H,SO,. 

Further experiments under heading (/), carried out recently, 
all show that shaking has an important effect in increasing the 
velocity of action. 

Experiments would indicate that, with commercial acid and 
any particular kind of iron, a certain maximum rate of action 
is .sometimes capable of being reali.sed. When a drum of acid 
is being transported it is safer to assume that the maximum 
rate of action may take place, and the maximum pressure of 
gas, after a given time, could be calculated from the dimensions 
of the drum, the volume of the air space above the acid, the 
temperature, by laboratory experiments with the same iron and 
the same acid. The maximum rate of action is, however, not 
always attained. 

It has sometimes been found that, although there may be a 
pressure of gas in one drum of acid, there is little or no 
pressure in other drums of the same kind, filled with the same 
acid, and cxpo.sed to exactly the same conditions, as far as 
can be judged. So long as calculations are based on the 
maximum rate of action, no harm can result from a smaller 
rate being actually observed, but it is disconcerting to find this 
great difference in behaviour between different drums. 

Among other cbnsiderations, it is po,s.sible that the reason 
why the iron is not alwnys acted on at the maximum rate is, that 
the iron may sometimes go into a passive state, and so not be 
acted on by the sulphuric acid. There may be more than one 
kind of passive iron, but the readiest means of producing a 
passive iron is to leave iron for a few moments in nitric acid 
of sp. gr. I-4. It may easily bd shown by E.M.F. measure¬ 
ments that iron, lying in concentrated sulphuric acid, and 
apparently not being acted upon by the acid, is not usually 
in a‘passive state. On the other hhnd, passivity is recorded* 
as being produced on iron,sometimes simply by exposing iron 
Jto air. Fawsitt says he never came across a case where a 
1 Keathcote,/. Soc. Chem. hid., 1907, pp. 899-917. 
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piece of ‘iron or steel, that has been lying in the air (and 
otherwise untreated), shbwed passivity towards concentrated 
sulphuric acid ; but if the iron of a driun could become 
wholly (or perhaps even partially) converted into passive iron, 
by lying in the air or otherwise, it' is quite possible that such 
iron might retain its passivity after the sulphuric acid has been 
' put in. 

Many experiments have been carried out by the above in¬ 
vestigator, where steel that had been wholly treated by nitric 
acid of .sp. gr. 1-4 was passive towards concentrated sulphuric 
acid. The passivity is detectable both by E.M.h'. measure¬ 
ments, and by the observation that little or no solution of the 
steel takes place. Every case tried did not succeed. 

A curious effect has been noticed. If a piece of steel is 
dipped for only part (say half) of its length into nitric acid of 
.sp. gr. 1-4 and then dipped wholly into concentrated sulphuric 
acid, in many cases no action on the steel is apparent for 
several clays at least,' either on the lower (passivified) part or 
on the upper part. This might be thought to be due to a 
"wave of passivification” passing over the whole iron (just as 
the activity proceeds by propagation from one part of the iron 
to the other. This is not the real explanation, however, as the 
upper portion originally not acted on by the nitric acid becomes 
immediately coated with a white film of ferrous sulphate, while 
the lower portion, which has been acteti upon, is unaffected. 
The upper part, although originally of a greater solution 
pressure than the lower, probably becomes polarised and will 
no longer dissolve. » 

Experiments were also carried out with the addition of 
certain substances to the acid in the hope that the action 
might be decreased by certain additions. Unfortunately, no 
experiment has yet shown that any addition to the acid is 
decidedly helpful in preventing action. In^ these experiments 
the tubes containing 40 c.c. of acid and 3*5 grams of steel were' 
not shaken. The steel wa.% weighed tefore and after bach 
experiment. On lifting the tube fronf the thermostat, the acid 
was poured off as completely as possible and the steel washed 
twice with alcohol, then with water, and finally with alcohol; 
it was then dried and weighed. 'The surface of the steel 
^ A momentary action takes place on’the untreated portion. 
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exposed to the acid in each case was approximately 25 sq. cm. 
Before using fresh steel wire in these' experiments, it was first 
treated with sodium hydroxide solution, and then with water. 
In many cases, however, the steel was used in a second ex¬ 
periment ; it was then used exactly as it came from the first 
experiment (after washing with alcohol and drying). 

The same steel wire was used in all the experiments as 
in those described on p. 245. 

It will be noticed that although preliminary treatment with 
concentrated nitric acid may to a certain extent preserve the 
steel from being afterwards attacked by the concentrated 
sulphuric acid, putting nitric acid or nitrates into the sulphuric 
acid increases the rate of action very much. 

While dipping iron into concentrated nitric acid either 
wholly or partially and then placing in concentrated sulphuric 
acid may bring about a passive state which persists for some 
considerable time, this is not by any means always the case. 

When the iron is not passive or when the passivification is 
only effective for a few hours or days, the small quantity of 
nitric acid in the .solution enormously increases the rate of 
action of the acid on the iron. This is shown by the results 
of several experiments at 30° for 44 days with 96-3 per cent. 
II^SO,, using 3*5 grams of steel in each case. In the first 
two experiments, in which the steel received no preliminary 
treatment, the loss of Veight was 0-I32 gram and 0-238 gram 
respectively. In another experiment one-third of the steel 
was covered with concentrated nitric acid ; this was poured off 
and concentrated tiulphuric acid added to cover (the same) 
one-third of the steel,and poured off. Then 40 c.c. of concen¬ 
trated sulphuric acid was added. In this case the loss of 
weight was 0-042 gram. In a further experiment with the 
same treatment as the last, but with only one - quarter of 
the steel treated wjth nitric acid, the loss of weight was 1-37 
grams, whilst when the whole ‘steel was treated with con- 
cenfrated nitric acid the loss vwns 1-52 gram. It appears, 
then, that although pre'liminary treatment of the steel with 
concentrated nitric acid cannot yet be recommended as a 
means to be generally used in preventing subsequent action of 
the sulphuric acid, this is a not unpromising line for further 
experiment 
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A record of further work has appeared in a recent paper,' 
which stated that differences in electrochemical behaviour 
showed that no real similarity existed between iron which is 
slowly dissolving in concentrated sulphuric acid and iron 
rendered “passive” by dipping into nitric acid. ’The slowing 
down or cessation of the reaction was due apparently to the 
formation of a form of ferrous sulphate monohydrate on the 
surface *of the iron. Although, generally speaking, increased 
dilution of the acid with water results in greater reactivity, 
certain anomalies were observed in this respect, notably that 
89-3 per cent, acid has considerably less solvent .action than 
either weaker or stronger acid of 94 per cent., 90'9 per cent., 
87-9 per cent., or 85 per cent, strength. The solvent effect is 
in all cases noticeably increased by shaking the containing 
vessel. 

Behaviour of Sui.riiuROUS and Sulphuric Acid 

TOWARDS THE O.XIDES OF NITROGEN 

The reactions between the oxides and acids of sulphur and 
nitrogen are of extreme importance for the theory of the 
sulphuric-acid process in general, and for the recovery of the 
nitrogen compounds in particular. 

The older researches in this field, of Cldment-Desormes, 
Dalton, Davy, Berzelius, Gay-Lussac, “W. Henry, Gaultier de 
Claubry, De la I’rovostaye, A. Rose, Koene, Weltzien, Rebling, 
and Muller, have now merely an historical interest. The 
modern literature of this subject begins* with the labours of 
R. Weber, during the years 1862 to 1867, published in the 
J. prakt. Cheni., Ixxxv., p. 423, and c., p. 37 ; Poggendorjp’s 
Annalcn, cxxiii., p. 341, cxxvii., p. 543, cxx.x., p. 277; and 
partly in Dingl. polyt. J., clxvii., p. 453. Other very important 
papers have been published by Cl. A. VVinkler (“ Researches 
on the Chemical Processes going on in the Gay-Lussac 
Towers,” Freiberg, 1867]^ by RammcLsberg {Bcr., 1872, p. 
310), by Michaelis and Schumann ^ibid., 1874, p. 1075). 

Lunge’s researches referring to this subject arc found in 
the following publications :—1877^: Berl. Ber., x., pp. 1073 and 

* Fawsitt and Pain, Proc, Roy. Soc. NA- IV-, 1918, 52, p. 396 ; J. Sot, 
Chem. Ind., 1920. p. 193 a. * • 
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1432. 1878: Deri. Ben, lu., 434 and 1229; Dtngl. polyt. 

A, ccxxviii., pp. 70, 548, and 553. ' 1879: Dingl polyt. J., 
ccxxxiii., p. 63; Bcrl AV;-., xii., pp. 357 1058. 1881: 

Berl xiv., pp. 2188 and 2196. 1882: Berl. Ber., K-V., 

pp. 488 and 495. 1884: Cheni. Ind., 1884, p. 5. 1885: 

J. Soc. Chan. Ind., pp. 31 and 447 ; Berl Ber., xviii., pp. 1376, 
1384, 1391 ; /. Chem. Soc., xlvii., pp. 457 and 465. 1888: 
Bcrl Ben, xxi., pp. 67 and 3223. 1889: Z. angeiu. Chem., 
pp. 265 and 385. 1890; ibid.,\>. 195. 1899: ibid.,\>. 393. 


Nitrous Oxide N..O. 

(Ilyponitrous A nhydride). 

Of the different oxides of nitrogen, nitrous oxide need only 
be dealt with briefly. It is slightly soluble in sulphuric acid, 
much less so than in pure water, as, once formed, it is not 
oxidised again into NO or higher nitrogen oxides; it is 
altogether lost for the manufacture of sulphuric acid, nor does 
it form any chemical compound with that acid. The solu¬ 
bility rapidly decreases as the temperature rises, as will be 
seen by the following table (Cariua) :— 


1 c.c. wat‘!i ;it 

o.c. N.jO dt 0* 

7t>0 min. dHM)lv(‘a 

juul ihii rmn. 

At 0° 

I'3052 

!<*■ 

0-9106 

,, 20“ 

0-6700 

25” 

0-5962 


Nitric Oxide, NO. 

Nitric oxide is a colourless gas, having a specific gravity 
of I-039. When .brought into the air, it combines with 
atmospheric oxygen, forming red-brown vapours, consisting of 
nitrogen peroxide, the combination being attended by a rise 
of temperature. The formation of’thcse red fumes in contact 
with oxygen is characteristic of thisigas, thereby distinguLshing 
it from all other gases. Citric oxide i.s only very sparingly 
soluble in water. It is the most stable of all the oxides of 
nitrogen, being able to statjd a dull red heat without decom¬ 
position. It is soluble in a solution of ferrous sulphate, forming 
a d^irk-brown, solution, containing an unstable compound of 
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ferrous sulphate and nitric oxide, 2l'eSO^,NO. This compound 
is readily decomposed ’by heat, nitric oxide being evolved. 
By means of this reaction, nitric oxide may-be separated from 
other gases. Nitric oxide is a difficultly liquefiable gas, its 
critical temperature being —93'5°; at thistemperatarc a pressure 
of 7I'2 atmospheres is required to liquefy it. 

In the presence of water, nitric oxide is oxidised to nitrogen 
trioxide* the trioxide then being decomposed by the water, 
with formation of nitric acid and partial regeneration of nitric 
oxide. 

According to P. Jolibois and A. Sanfourche,’ when nitric 
oxide and oxygen are mi.xcd in the proportion of 4:1 by 
volume, combination is instantaneous at the ordinary tempera¬ 
ture, nitrogen trioxide, N.,08, being formed and remaining 
stable. If the gases are mixed in the proportion of 2: i the com¬ 
bination very rapidly reaches the stage N.,03, and subsequently 
the peroxide is formed to the extent of 34 per cent, in 20 
seconds, the transformation being complete after too .seconds; 
even if o.xygen is supplied in e.xcess the time required for the 
formation of the peroxide is of the same order. If the nitrous 
vapours are submitted to a temperature of 400°, the equilibrium 
tends towards NjOg. 

Nitric oxide was stated by Henry and Plisson to be 
absorbed by oil of vitriol, if left a long time in contact with it, 
with formation of nitrous pyrosulphuric anhydride (sec below) ; 
but Berzelius, Gay-Lussac, and many others have long ago 
refuted this statement. .In fact, the sulphuric acid of the 
absorbing-apparatus cannot retain that portion of the nitrogen 
oxides which have been reduced to the»state of nitric oxide; 
and from this follows the necessity of an excess of oxygen in 
the gas issuing from the chambers, since only this prevents 
the existence of nitric oxide in the same. Small quantities 
of nitric oxide may, however, escape oxidation even in the 
presence of oxygen, and Hence be found in the chamber 
exit-gases. • 

The solubility of NO in sulphuric'acid, although not nil, is 
extremely slight. Kolb * made experiments with acid# of 
varying concentration,* and found tljat acid of 1-841 does not 

1 Comptes rend., 1919, 168, 235-237 ; J. ^oc. Chem. hid., 1919, p. 132A. • 
^ Bull. Sue. Ind. Mulhouse, 1872, p. 225. * • 
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absorb even traces of NO; acid of i '749 to i'62i merely 
traces (2 to 6 mg. to 100 grams acid) ; acid of 1-426 absorbs 
0-017 gram NO; acid of 1-327, 0-020 gram NO to 100 
grams. Lunge’s experiments' show that concentrated O.V. 
absorbs per'c.c. only 0-0000593 gram = 0-035 c.c. NO, and 
acid of sp. gr. 1-500 only half that quantity. ^ 

In the presence of oxygen nitric oxide is absorbed by 
sulphuric acid (Bussy, Winkler); but then it is really nitrous 
acid which is absorbed ; and Winkler was the first to prove 
that it is precisely the prc.sence of sulphuric acid which causes 
the oxidation not to proceed beyond the formation of nitrous 
acid, the latter combining with the sulphuric acid to form 
nitroso-sulphuric acid and water : 

2S0„(()H)., + n „03 = 2S02(oh) (ono) + H,p. 

In several of his papers {cf p. 249) Lunge gave proofs of 
the same fact, viz. that on passing nitric oxide, together with a 
very large excess of free oxygen, through strong sulphuric acid, 
nothing but nitroso-sulphuric acid is formed, which means that 
two NO take up only one O ; but once out of the range of the 
acid, immediately above it, the reaction 2NO4-O.2 = N2O4 sets 
in, and this compound, when afterwards meeting sulphuric acid, 
yields equal molecules of nitric acid and of nitro.so-sulphuric 
acid {vide infra). 

• 

Nitrous Acid, HNO.4. 

Real nitrous acid, HNO,, is not known in the pure state, 
only in that of cyiute solutions. When dissolving nitrous 
anhydride, N.2OJ, in water, some nitrous acid is formed and 
remains dissolved in tfie excess of water, but much of it splits 
up according to the formula : 

3 HN 02 = 2N0-fHN02 + H,A 

The velocity of, decomposition of nitrous acid in aqueous 
soluUon, according to the abovd equation, depends on the 
velocity with which the nitric oxide is removed from the 
solution, and also on the pressure of nitric oxide above 
the*.solution. The direct decompbsition of nitrous acid is 

' J. Soc. Chem. Ind., i885,»p. 447, and 1886, p. 82 ; also Uerl. Her., 
■ 1885, p. 1391, and 1886, p. M I. Webb and Taylor (/. Soc. Chem. Imi, 
1922, p. 3641^ stare that Lunge’s figures are too high. 
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spontaneous and immeasurably rapid, its transitory existence 
in aqueous solution depending upon a mutual action between 
it and the solvent.' 


Nitrogen Trioxide, N.jOa 
^ {Nitrous Anhydride). 

Thcrf is considerable doubt as to the existence of this com¬ 
pound. It has been shown by the determination of the vapour 
density that in the gaseous state the compound N^O;, does not 
exist, but that the gas is a mixture of molecules of NO and 
NO,. Others regard it as merely a solution of the difficultly 
liquefied gas, NO, in liquid nitrogen peroxide, NO^. If the 
two oxides are in a state of combination, it would appear to be 
at best a feeble union, for it has been shown that at tempera¬ 
tures as low as —90" the liquid slowly evolves NO, while at 
this temperature no nitrogen peroxide is given off. 

The most recent work on the subject, however, based upon 
minute changes of volume which result when NO and NO, are 
mixed," points to the conclusion that the reaction, which may be 
expressed N.2O3 = NO-f NO^, is to a slight extent a reversible 
one ; and that therefore a mixture of the two gases NO and 
NO, at ordinary temperatures actually docs contain a small 
percentage of N.^O., molecules. 

We shall not here enter upon the jriuch-dcbated ([ucstion 
concerning the e.xistence of NoOj in the gaseous state, but 
merely quote the literature: Luck {Bert. Her., 1878, pp. 1232 
and 1643), Witt {ibid., p. 2 188), Ramsay and Cundall (j. Chem. 
Soc., xlvii., pp. I 87, 672), Lunge {ibid., p. 457 ; Z. atiorg. Chem., 
vii., p. 209). H. Brercton Baker and’Muriel Baker ('Trans., 
Chem. Soc., 1907, xci., p. 1862) have shown that in the dried 
condition gaseous N.^Os can be most certainly obtained. 

Although there is no doubt about the fact that the “ nitrous 
vapours,” formerly considerejl as NjOj in I'hc state of gas or 
vapour, are in reality principally a mixture of nitric oxide and 
peroxide, with very little we^must bear in mind the 

equally undoubted factf th^t a mixture of equal molecules of 
NO and NO, behaves in all its reactions towards other 

' A. K. Klcmcn and F. Poliak, Z. ^hysik. Cheni., 1922, 101, 150J 
171 ■,/. Soc. Chem. Ind., 1922, p. 412A. • , 

2 nixon and Peterkin. Proc. Chem. Soc.. lune l809. p. 11 ?. • 
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chemical compounds exactly as if it were N^Oj. When passed 
into an alkaline solution, it quantitatively yields a nitrite: 

2 Na'0H + NO + NOj = aNaNO^ + H^O. 

We have,' therefore, the right to assume that such a mixture 
of equal molecules of NO and NOj chemically, to the 

same thing as gaseous NjOg ; and we shall throughout this book 
simplify many of our explanations and discussions by speaking 
of the above mixture as NjOg, although physically it is only a 
mixture of NO and NO^. We are all the more entitled to do 
this, since there is no doubt that some N^Og exists in the 
gaseous state as such, and since, according to the law of mass 
action, this NgOg must be constantly reformed when taken away 
by any chemical reaction. 

Nitrogen trioxidc dissolves in sulphuric acid, more easily 
when the acid is concentrated, but also when it contains a 
certain amount of water. The reaction taking place is : 

2H„SO,,-t- N20,| = aSOjNH + 11^0. 

Rammelsberg asserts that uhen nitrous anhydride is em¬ 
ployed in excess, nitric acid and nitric oxide are also formed : 

HgSO^-t- 2 N 203 = SO,NH -|-HN 0 g-l- 2 N 0 ; 

but this reaction only ^akes place in presence of water, and the 
formation of nitric acid and nitric oxide must be regarded as a 
secondary reaction, owing to the well-known action of free 

nitrous acid on an excess of water. Where there is enough 
# ^ 
sulphuric acid and no excess of water, Rammelsbcrg’s reaction 

does not come into plSy. 

The compound formed by the action of nitrous acid on 
sulphuric acid possessing the empirical formula SO,NH has 
long been known, both in the solid state, as “ chamber-crystals,” 
j.nd dissolved in an ixcess of sulphuric acid, as “ nitrous-vitriol”; 
but its true composition as nitroso-sulphuric acid has only 
comparatively recently bg^n elucidated. 

The easiest way of preparing the chcfmber-crystals in a state 
of purity is by conducting sulphur dioxide into well-cooled 
,fuming nitric acid until theiwhole mass has been converted into 
•a magma, but not until thq nitric acid has been entirely decom¬ 
posed, and dfying the crystallised mass on a porous slab under 



NITROGEN-SULPHUR COMPOUNDS’ 


255 


a bcll-jar over some oil of vitriol. Obtained in this way, or 
collected in the connecting-pipes of vitriol-chambers or other 
places where there is a deficiency of steam, they consist of 
four-sided prisms or orthorhombic crystals; but generally, 
when prepared on the small scale, they appear^ as a scaly, 
feather-like, or granular mass, colourless and transparent. 
Their fusing-point is stated by Wcltzien = 73“, by Gaultier 
de Claufcry = i 20° to i 30° ; but they are partly decomposed 
before fusing, with evolution of red fumes. 

The composition of chamber-crystals was formerly uncertain ; 
the question was, in the language of the older chemists, whether 
they were a compound of sulphuric acid with nitrogen peroxide 
or with nitrous acid (nitrogen trioxide). Muller' pronounced 
for the former; but R. Weber proved in 1862, and more 
rigorously in the following year, by estimating all their con¬ 
stituents according to unexceptionable methods, that their 
formula must be constructed on the second supposition. 

This formula has also been confirmed by Michaelis and 
Schumann,^ who at the same time maintained, from the products 
of the decomposition of chamber-crystals by phosphorus penta- 
chloride, that the compound must be regarded as nitro- 

sulphonic acid, ; that is, as sulphuric acid, one of 

whose hydroxyls is replaced by the nitro group, or as nitric 
acid, for whose hydroxyl is substituted the sul[)ho group. 
This mode of explaining the constitution of that sub.stance 
cannot, however, be strictly maintained. Both from its forma¬ 
tion and the decomposition, it is certaifi that it docs not 
contain the nitro group NO2, but the nil'roso group NO. Its , 
formula must therefore be written : 


S02_oNO- SC\(OH)(ONO), 

and it must be called nitroSyl .sulphate, or nitrosyl-sul|)huric’ 
acid, or nitroso-sulphuric aci^i, which means sulphuric acid* one 
of whose hydrogen atoms is replaceS by the nitroso group, 
that is the radical of nitrtius acid, NO(OH). It is a mitced 
anhydride of sulphuric and nitrous acid, as is proved both by 
its formation and its decomposition ty water. 

1 Ann. Chim. anal, 122, i. * Ber., i874,*p. 1075. * 
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Jurisch gives to the chamber-crystals (“Weber’s acid”) the 
formula; lIjO, O3S, SO3, OjNj. 

The constitution of chamber - crystals is discussed by 
Biehringer in Z. anorg. Chem., 1916, iii., p. 532 ; 

49, 1402. ‘At temperatures from 19° to 15“ their formula 
approaches most to nitroso-sulphuric acid, at 28° to 30° to 
nitro-sulphonic acid. 

There exists also a complete anhydride of nitroso-iulphuric 
acid, of the empirical formula, N203,2S03, which is rationally 
written : 


SO.,\ 

-)0; 

s(x,/ 

^0 

NO/ 


but this is only formed by mixing liquid sulphur dioxide and 
nitrogen tetroxide in the cold under pressure (Provostayc), or 
sulphuric anhydride with dry nitric oxide (H. Rose), or by 
heating sulphuric anhydride with nitrogen tetroxide (Weber), 
none of which reactions arc possible in the manufacture of 
sulphuric acid. 

Similarly, the compound produced by R. Weber' by con¬ 
ducting sulphuric anhydride into the most highly concentrated 
nitric acid, with empirical formula NjOj, 4SO3, 3H2O, will never 
be met with in^practice. 

Nitroso-sulphuric acid is formed not merely as above in¬ 
dicated, but in many other ways. We have already mentioned 

its formation from sulphur dioxide and nitric acid : 

« 

SO.2 -p HNO3 = S0.2(0H) (ONO). 


It is also formed when a mixture of strong sulphuric and nitric 
acids is heated, oxygen being evolved (A. Rose, and infra, 
»p. 265): 

11280^ + HN03=S02(0H)(0N0)-^H20 + 0. 

f« 

Sulphur dioxide can forfh this compound even with the lower 
oxides of nitrogen, if there is water and (except with NjO*, 
where this is unnecessary) oxygen present. In the perfectly 
dry state sulphur dioxidi does not act on the dry nitrogen 

Poggend. Annakn, 162, 602. 
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oxides; but in presence of the smallest quantity of water 
“ chamber-crystals ” are formed, if SOj meets with N2O4, or 
with NO or N2O3 and oxygen. Winkler has shown that, in 
an atmosphere of moist carbon dioxide, nitrogen trioxide docs 
not form chamber-crystals with sulphur dioxide, but nitrogen 
peroxide docs so, and he distinguishes and N2O4 in this 

manner. The fumes of N2O3, with an excess of SO2 and 1120, 
but in tht absence of oxygen, give no chamber-crystals at all ; 
they are decolorised, nitric oxide and sulphuric acid being 
formed. If oxygen or air is admitted, chamber-crystals instantly 
appear, and this is also the case when nitrogen peroxide meets 
sulphurous acid in the presence of water. These observations 
of Winkler’s have been repeatedly confirmed ; but we must 
now add that what he called “fumes of N2O3” is in reality 
mostly a mixture of equal molecules of NO and NO2, behaving 
chemically like N2O3. 

As some points had not been entirely cleared up by previous 
investigators, and there were partial contradictions among their 
results, Lunge undertook an investigation on the interaction 
of sulphur dioxide and nitric oxide, with or without the presence 
of water} which led to the following results ;— 

1. Dry NO and SO2 have no action upon one another, be it 
at the ordinary temperature, or at 50° or at 100°, provided that 
air and moisture are rigorously excluded. 

2. NO, SO2, and water act in such a way that as much N2O 
is formed as corresponds to the quantity of SO2 originally 
present. A reduction dpwn to N could not be established. 

3. If NO and SO2 meet in the prcsence<of dilute sulphuric 
acid, of sp. gr. i‘455, no reduction of NO to NjO takes place, 
even when there is a,very large e.xcess of SO2 present, whether * 
the digestion be carried on for many hours at ordinary tempera¬ 
ture or at 60’. Even with acid of sp. gr. 1-32 no reduction of 
NO by SO2 could be established. 

4. If NO, SO2, and oxygen meet in the presence of water, a* 

slight but distinct reduction cjpwn to NjO takes place. If, How¬ 
ever, in lieu of water, diljute acid of sp.^r. i'32 is employed, no 
such reduction can be observed. • 

The bearing of these results on the theory of the chamber- 
process will be discussed later on (Chapter III in Volume II). • 

1 Ber., 14, 2196 et scg. • 
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A further investigation by Lunge' confirmed the above 
results. It was shown that in the dry state nitric oxide com¬ 
bines with an excess of oxygen to form N2O4 exclusively, or 
nearly so ; dry nitric oxide in excess with oxygen yields 
along with N2O4 ; in the pre.sence of water, NO with an excess 
of oxygen is altogether converted into nitric acid. If, however, 
NO meets O in immediate contact with concentrated sulphuric 
acid, there is no formation of cither N2O4 or HNO3, even with 
the greatest excess of oxygen ; oxidation proceeds only to the 
stage of N^Oj, which, however, is not formed in the free state, 
but is at once converted into nitroso-sulphuric acid : 

2 H. 2 SOj 4 - 2 NO + O = 2S0,(0H) (ONO) + H.p. 

Outside the immediate contact with the acid the reaction 
is again as before with dry gases, viz. 2NO-I-O^ = N2O4; 
that is, here NO is oxidised to a higher state than within 
the sulphuric acid. 

A very elaborate investigation of the interaction between 
nitrous and sulphurous acid was published by Raschig." lie 
found a number of new compounds, and rectified .some of the 
statements of Frdmyand Claus concerning compounds formerly 
described by them. He also discovered a very convenient 
method of preparing hydroxylamine. But as nearly all 
Raschig’s experiments were made with alkaline solutions, and 
those which were pel formed with acid solutions were made 
under conditions utterly different from those of a lead chamber, 
namely at the freezing-point, we must refer to his papers for 
details. Under th-'se circumstances, apart from N2O and NO, 
amidosulphonic acid, hydroxylamine, and ammonia are observed, 
but only in small quantities ; and above the low temperatures 
employed by Raschig the occurrence of those substances is 
altogether too uncertain and minimal to be taken into considera¬ 
tion for our purposes. 

Action of Water on Chamben crystals .—These crystals are 
very deliquescent; they absorb w^ter rapidly from ordinary air. 
In contact with a little more water, they dissolve quickly with 
evolution of heat, much nitric oxide being given off. When 
introduced into a large quantity of water, they dissolve without 

4 

I tier., 18, 1384 ; /. Cheni. Soc., 47, 465. 

■ * del/. Ann., 241, 161 et seq. 
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visible evolution of gas ; but in point of fact nitric oxide is 
formed as well as nitric acid and nitrous acid. This has led to 
many attempts at explanations, and Rammelsberg and Philipp 
have asserted that exactly | of the nitrogen appears as NO, 
^ as nitrous acid, and I as nitric acid : » 

i6SO„(OH) (ONO) + 9H.,0 = 16SO^H„ + 4NO 

+ 2N02(0H)'+5Nj03. 

But this complicated and very unlikely reaction need not be 
assumed at all. Every fact observed in this connection can be 
quite simply explained by the following reaction : 

SO.,(OH) (ONO) + H.O = HjSO^ + HNO.^ ; 

that is, nitroso-sulphuric acid takes up the elements of water, to 
form sulphuric acid and nitrous acid ; the latter, as is well 
known, is unstable in the presence of an excess of water, and 
hence partly splits up into nitric oxide and nitric acid ; 

3HN02 = HN0,,+ 2N0 + H20. 

In the presence of less water, nitrous anhydride can be formed 
from chamber-crystals, and escapes in the form of brown fumes 
(of course mostly dissociated into nitric oxide and peroxide); 

2 .S 02 ( 0 H) (ONO) -(- H.D = 2H.^SO., = N., 0 „. 

For nearly every purpose nitroso-sulphuric acid or its .solution 
in sulphuric acid may be regarded as a solution of nitrous acid 
in sulphuric acid. 

The behaviour of nitroso-sulphuric acid towards sulphuric acid 
of various concentrations is» of great interest for our purposes. 
In concentrated oil of vitriol the crystals dissolve easily and 
without decomposition. This solution is stable enough to be 
distilled without losing any nitrous acid, whilst the isolated 
crystals are decomposed on being gentlj' heated. Lunge 
showed' that on distilling such a solution for four hours, when 
40 per cent, of the sulphuric acid had passed over, the distillate 
contained only 5 per cent., rhe residue 95 per cent, of the 
nitrous acid, none of it havir^ been destroyed. It is possible 
to obtain solutions of '-9 sp. gr.; tfiey evolve nitric oxide 
with water, inflame phosphorus at 62“, oxidise sulphur aTid 
many metals on distillation with evolution of NO; heated 
with ammonium sulphate to 160° tliey evolve nitrogen gas. 

1 Z. antrew. Chem.. 1888. d. 661. and 1800. n. SS-I. 
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Sulphur dioxide evolves nitric oxide ; but a solution of nitroso- 
sulphuric acid in strong oil of vitriol (of i68° T\v.), even on 
long-continued treatment with dry sulphur dioxide, is only 
incompletely decomposed, and on addition of water still shows 
the presencS of nitrous acid by the evolution of brown vapours. 
This explains the fact (well known to manufacturers) that 
concentrated sulphuric acid contaminated by nitrous acid is 
only with difficulty purified by sulphur dioxide. At' a higher 
temperature, sulphur dioxide decomposes chamber-crystals with 
evolution of nitrous oxide (Fr6my). Further statements 
respecting the behaviour of sulphur dioxide towards the solution 
of chamber-crystals in sulphuric acid, the so-called “ nitrous 
vitriol,” will be made when examining the process going on 
within the Glover tower. It is remarkable, and of great import¬ 
ance for the practice of sulphuric-acid making, that even dilute 
acids of I-70 down to P55 sp. gr. dissolve the crystals in the 
cold without decomposition ; the decomposition only commences 
when the specific gravity of the dilute acid has fallen below 1-55 
—that i.s, below the density of ordinary chamber-acid. 

Nitrogen Peroxide, HO, and HjO,. 

At low temperatures nitrogen peroxide is a colourless 
crystalline compound. It melts at —9°, but requires a 
temperature as low a% — 30° to solidify it. At a temperature 
slightly above its melting-point the liquid begins to acquire a 
pale yellowish tint, which rapidly deepens until at the ordinary 
temperature it is a full orange colour. The liquid boils at 22°, 
and gives a vapour having a reddish-brown colour. The colour 
of the vapour also b&omes deeper as its temperature is raised, 
until at 140° it is a dark chocolate brown, and almost opaque. 
On allowing the vapour to cool the reverse changes take place. 
This change of colour, as the temperature rises, is accompanied 
by a steady change in the density of the gas, 

■It is believed that at low temperatures nitrogen peroxide 
has the composition repjiesented by the formula N^O^, but that 
dissociation begins to take place even in the liquid state, as 
indicated by the gradual change oTf colour. At temperatures 
between the boiling-poiqt of the liquid, viz. 22°, and 140°, 
the gas therefore consists of mixtures of molecules of NOj and 
N^O^. The calculated percentage of NOj molecules, which the 
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gas contains at the temperatures at which the above densities 
are taken, are given in the third column. 



' r 

Per cent. 

Per cent. 



NA- 


At 

26-7 

80 

20 


39-8 

71 

29 


60-2 

47 

53 

»> 

80-6 

23 

77 


135 

I 

99 


Nitrogen peroxide is decomposed by water. At low tempera¬ 
tures, and with small quantities of water, nitric and nitrous 
acids are the products of the action, thus: 

+ HjO = HNO3 + HNO.3. 

At the ordinary temperature, and with an excess of water, 
the following reaction takes place : 

3NO3-I-1130 = 2nN03-(- NO. 

Nitrogen peroxide, whether in the state of liquid or of gas, 
acts strongly on sulphuric acid. According to Weber, if 
nitrogen peroxide, made by gently heating fuming nitric acid 
[and therefore not quite free from nitric acid], be added to sul¬ 
phuric acid of different degrees of concentration, the following is 
observed:—The strongest oil of vitriol, down to i-y sp. gr., 
absorbs the nitrogen peroxide without coloration. Acid of 1-55 
turns yellow ; here the nitrogen peroxide is probably absorbed 
to a large extent similarly as by nitric acid, and*no decomposi¬ 
tion, as represented by the equation on p. 263, has taken place, 
while this has to be assumed in the case of* the stronger acids. 
Acid of 1-49 turns greenish-yellow; of ^-41 intensely green ; 
acid of i"3i turns'blue and evolves nitric oxide, which on 
applying a gentle heat escapes with violent effervescence. 
Weak acids are only coloured for a short time. From this 
Weber inferred:—that acids of i-8 to'-'i^y combine with 
nitrogen peroxide with formation of nitroso-sulphuric acid ; 
weaker acids simply absorb it; and the more dilute acids 
decompose it with formation of nitric oxide, nitrous acid, and 
nitric acid. The action of sulphurous acid on these mixtflres 
is different according to their conc|ntration. As mentioned 
above, the solution of chamber-crystals in concentrated * 
sulphuric acid is but incompletclv decomposed even hv 
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prolonged action of sulphurous acid ; but the yellow mixture 
of I • 5 5 sp. gr. and the coloured, more dilute, acids are decom¬ 
posed with strong cffcrvesc’cnce of nitric oxide. It will be 
shown afterwards what part all these reactions play in the 
recovery of the nitrous gas in the manufacture, where the 
object is first to absorb the gas in sulphuric acid of i-y, and 
then again to liberate it from that solution. 

Winkler gave a different account of the behaviour of liquid 
nitrogen peroxide from that of Weber. He stated that it may 
be mi.xcd with sulphuric acids down to 142 Tw., but that it 
yields a solution totally different from that of chamber-crystals 
in sulphuric acid, viz. a liquid of yellow colour and constantly 
evolving red fumes. On heating, it effervesces and gives off 
streams of gaseous nitrogen peroxide ; if the mixture is made 
with sulphuric acid of 142° Tw., the NO2 completely volatilises 
far below the boiling-point of sulphuric acid, so that the residue 
on dilution with water does not decolorise potassium per¬ 
manganate. If, however, acid of 168“ Tw. has been employed, 
the liquid on heating certainly yields up the larger portion of 
its NO2 ; but the residue behaves like a .solution of chamber- 
crystals in sulphuric acid, and on being mixed with water it 
evolves red fumes which can be proved to be N^O.,, not NO2, 
by their not forming any chamber-crystals with moist SO2. 

If concentrated sulohuric acid is mixed with a little concen¬ 
trated nitric acid, and sulphur dioxide is passed into the 
mi.xture, the nitric acid in the cold is only reduced to nitrous 
acid, which remains combined with the sulphuric acid : this 
compound resists tne further action of the sulphur dioxide in 
the same way as thc^ solution prepared from concentrated oil 
of vitriol and chamber-crystals. On the other hand, more 
dilute mixtures of sulphuric and nitric acid, below i-y sp. gr., 
are more or less easily decomposed by SO2, in the ratio of 
their dilution. 

§incc the labours of Weber and Winkler did not in all 
points agree with one another, and the subject seemed to call 
for another investigation. Lunge undertook a long research,' 
the conclusions of which' are as follows :—• 

I. Nitrogen peroxide,,under ordinary circumstances, cannot 

' Dingl. polyt. /, 233, 63. 

2 Also published in the Ber.^ 12, 1058. 
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exist in contact with sulphuric acid, but at once splits up into 
nitrous acid, which, with a portion of the sulphuric acid, yields 
nitroso-sulphuric acid and nitric ^acid (dissolving as such) 
thus : 

+ S 02 ( 0 H )2 = S 02 ( 0 H) (ONO) + HNOy 

2. Nitroso-sulphuric acid, on dissolving in an excess of 
sulphuric acid, forms a colourless liquid, but only up to a 
certain limit of saturation, which is higher the more concen¬ 
trated the sulphuric acid. This limit for acid of sp. gr. I-Sq 
is not yet reached at 55-34 mg. N20j=i85 mg. S02(0H) 
(ONO) in I c.c. of acid. 

3. Beyond that limit at first a yellowish tint appears, of 
course with stronger acids only when more nitroso-sulphuric 
acid is present than with weaker acids. This took place with 
a mixture of sp. gr. 1-887 (made from pure sulphuric acid of 
sp. gr. 1-84), containing in i c.c. 147 mg. N20,j= 372 mg. 
SO.,(OH)(ONO), and also with acid of sp. gr. 1-706, contain¬ 
ing in I c.c. only 56-7 mg. N20.,= 190 mg. 302 ( 011 ) (ONO). 
Since these acids also are rendered colourless by prolonged 
boiling, the e.xcess of nitroso-sulphuric acid seems to be rather 
loosely held ; but the temperature of the water-bath is not 
sufficient to affect it. 

4. The phenomenon observed by ^Vinklcr, a mixture of 
strong vitriol and nitrogen peroxide showing an orange-colour 
even when cold, emitting red vapours, and* exhibiting a 
tempestuous evolution of nitrogen peroxide on being gently 
heated (which proves the existence of Unchanged nitrogen 
peroxide), can evidently take place only when the mixture ^ 
contains far more N^O^ than the strongest mentioned above, 
or the strongest ever occurring in sulphurii--acid works under 
any circumstances. Many experiments of heating in the water- 
bath for a prolonged period demonstrate the absence of free^ 
Nj, 0 ^ in all cases observed. Still less can the presence of 
nitrogen peroxide be assumed in rrmre dilute acids ; it is 
therefore inadmissible to cite it as such in analyses. 

5. All nitrous vitriols, solutions of nitroso-sulphuric &cid 
in sulphuric acid, whether they cont^iin nitiic acid at the same 
time or not, on being heated far below their boiling-point* 
assume a golden-yellow or even darker yellow colour, but 
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entirely lose it again on cooling. This change of colours may 
be repeated any number of times. 

6. The stability of nitroso-sulphuric acid in its solution in 
sulphuric acid is very great, even at the boiling-point, providing 
the sp. gr. is not below i -yo. It is true that on boiling it .some 
nitrogen is always lost, and all the more the less concentrated 
the acid is ; but if the boiling takes place so that the vapour 
cannot condense and flow back, there is some nitroso-sulphuric 
acid found in the residue, even from acid of sp. gr. 1-65 {cj. 
p. 259). But if the vapour is condensed and the condensing 
liquid (which, in the case of vitriol of sp. gr. i'8o or below, 
consists of very dilute acid or almost pure water) is allowed to 
flow back, a considerable loss is caused by denitration. 

7. Down to a concentration of sp. gr. i'65 the affinity of 
sulphuric acid for nitrous acid, i.e. the tendency to the formation 
of nitroso-sulphuric acid, is so great that any nitric acid present 
at the same time, whether added as such or formed by the 
decomposition of nitrogen peroxide, is reduced with loss of 
oxygen, and employed to form nitroso-sulphuric acid. In the 
case of acid of sp. gr. 1-71 and upwards, this transformation 
takes place almost completely after a brief boiling, but at sp. gr. 

I -65 only incompletely. This is a further argument against the 
existence of N„04 in the solution. 

8. Below sp. gr. i-,.65 the nitroso-sulphuric acid possesses so 
little stability that, for instance, from acid of sp. gr. i'6o some 
nitrogen oxides (but only a very small percentage) are expelled 
in the water-bath, and nearly all of them by boiling for a short 
time. In the case'of acid of sp. gr. 1-5, it is evident that, even 
without heating, the ‘nitrous acid added is partly decomposed 
into nitric acid and nitric oxide ; but aften heating for an hour 
in the water-bath a considerable quantity of nitroso-sulphuric 
acid remains undecomposed, whilst another portion has been 
converted into sulfthuric acid. In the case of still weaker acids, 
of course these phenomena occur even to a greater extent; but 
it is very probable that even very dilute sulphuric acid may 
contain, while cold, a little nitroso-sulphuric acid if reducing- 
agdnts are absent. 

9. Most of the nitric^acid present together with nitroso- 
sulphuric acid in dilute acids (of sp. gr. 1-5 and below) remains 
behind in tht liquid even after prolonged boiling. If, therefore, 
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the nitrous vitriol of acid-works, in consequence of a faulty 
process, contains nitric together with nitrous acid, it cannot 
possibly be completely denitratec| by hot water or steam, in 
which case a lower strength than sp. gr. i • 5 is never reached ; the 
denitration can only be effected by reducing-agotits, such as 
sulphur dioxide in the Glover tower or mercury in the nitro¬ 
meter. In the latter it can be very clearly seen with how much 
more diftrculty and slowness the denitration goes on in the 
•presence of nitric acid. 

10. The tendency to form nitroso-sulphuric acid is so strong 
that even on passing a large quantity of air (oxygen) through 
sulphuric acid together with nitrous acid, no oxidation of N2O4 
or NjOj takes place, just as in the case of oxygen and NO. 

11. Nitrous acid cannot be absorbed by caustic-soda solution 
without loss, because a portion of it is decomposed into nitric 
acid and nitric oxide. 

I 2. The purple colour which is developed in nitrous vitriol 
by the action of reducing-agents is caused by a solution of 
nitric oxide in such acids, and is possibly produced by a very 
unstable compound of nitrogen and oxygen, midway between 
NO and NjOg. 

Although Lunge’s experiments had definitely proved 
(f/ Nos. I and 4 of his conclusions) that nitrogen peroxide 
does not dissolve as such in sulphuric acid, with formation of 
an unstable solution from which the N2O4 can be drawn off by 
heating, the former erroneous assertion of Winkler (since that 
time recognised as such by himself) did not vanish from 
chemical literature, and, for instance, gave rise to a decidedly 
erroneous explanation of the process of Lasne and Benker for 
carrying on the wc-rk in the Gay-Lussac tower. This caused* 
Lunge to investigate the subject once more,' and he pointed 
out that mixtures of pure nitrogen peroxide with even some¬ 
what dilute sulphuric acid, down to sp. gr.*i-65, behave quan¬ 
titatively like mixed solutions of equal molecules of nitroso* 
sulphuric acid and nitric aoids ; that on prolonged heating in a 
water-bath such solutions in acid of sp^gr. 1-75 do not lose any, 
and in acid of sp. gr. r-u5 only very little, of their nitregen 
compounds. On prolonged boiling, part of the latter escapes, 
but a large quantity of nitroso-sulplruric acid remains behind; 

' .ffrr., 15, 488. • •. 
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more than that originally present, part of the nitric acid having 
passed into it with loss of oxygen. The idea of a “ loose " 
union between NjOj and (sulphuric acid must therefore be 
entirely abandoned ; and from this follows the fallacy of the 
idea held by some manufacturers that N2O4 is less easily 
absorbed by sulphuric acid than N2O3, and that therefore 
much N2O4 is lost in the Gay - Lussac tOvver. Lunge 
directly disproved this idea by showing that vapours of nitrogen 
peroxide are most easily, quickly, and completely absorbed by'" 
sulphuric acid of sp. gr. I’/i, such as is used in the Gay- 
Lussac tower, and that this (colourless) solution is not changed 
either by long heating to too' or by passing a current of air 
for a long time through it. 

A concluding investigation on the behaviour of nitrogen 
peroxide towards sulphuric acid has been made by Lunge 
together with Weintraub,’ of which we here give merely a 
summary of the results. 

I. The reaction between sulphuric acid and nitrogen per¬ 
oxide is reversible, since the nitric acid formed has some 
action on nitroso-sulphuric acid, forming sulphuric acid and 
nitrogen peroxide : 

U.,S0^4- N.O^^SOjNH + HNO^. 

In mixtures of sulphuric acid and nitrogen peroxide an equili¬ 
brium is formed, all four substances—sulphuric acid, nitrogen 
peroxide, nitro&o-sulphuric acid, and nitric acid—being present 
at the same time. 2. In contact with concentrated sulphuric 
acid (95 per cent. 112804) nearly all the nitrogen peroxide is 
converted into nitroschsulphuric and nitric acid. The inverse 
' reaction sets in to a sensible extent only when very little 
sulphuric acid is present in comparison with nitric acid. 3. 
The affinity of sulphuric acid for nitrogen peroxide quickly 
decreases with the^increase of water, so that in the case of 
'sulphuric acid of sp. gr. 1-65 the action of nitric acid on 
nitro'so-sulphuric acid begins to pfcvail; therefore very much 
of the nitrogen peroxide added remains in the free state, 
although the quantity of HNO3, which is only formed by the 
reaction itself, is but small. 4. In the practice of sulphuric 
acid manufacture, the quaiitity of sulphuric acid in the con- 

angew. Chem., 1899, p. 393. 
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centrated state so largely prevails over that of the nitric acid, 
that all nitrogen peroxide may be practically regarded as 
quantitatively changed into SO5IIIH and HNO3. This, of 
course, also holds good when absorbing nitrous gases in con¬ 
centrated sulphuric acid for analytical purposes. 'Phereforc the 
conclusions No. i and No. 4 (pp. 262 and 263), although not 
mathematically exact, are to all intents and purposes valid. 

The lension of nitrous acid in presence of dilute sulphuric acid 
^t different temperatures is a matter of great importance for the 
theory of the formation of sulphuric acid in the lead-chambers. 
The first observations on this point were published by Sorel ;' 
but these have been superseded by the far more extended 
observations published by Lunge.^ The following tables (Nos. 
I, 2, 3, and 4, see pp. 268-271) constructed from these indicate 
the loss of NjOg suffered by acids of four different concentra¬ 
tions, containing quantities of NjOj varying from i gram per litre 
upwards, in a current of air at temperatures from 50° to 90°. 

The behaviour of nitroso-sulphuric acid towards reducing 
agents is of the greatest importance, both for the chamber- 
process in general and for the recovery of nitrogen compounds. 
The most important of these agents is sulphur dioxide^ which 
arts as follows : 

2 SO.j(OU) (ONO) + SO 2 + 2 H 2 O = 3 HjSO^ + 2 NO ; 

that is, it forms with nitroso-sulphuric acid both sulphuric acid 
and nitric oxide. This is the leading reaction of the Glover 
tower, as we shall see hereafter ; and it must also occur within 
the chambers, more especially in the first part of the set. 

Sorel “ has shown that if a mixture of SO2 and O is made 
to react upon nitrous sulphuric acid and NO, there may be 
either a reduction of nitrous acid to NO, or an oxidation of 
NO to N2O3 (in the shape of SOjNII), according to variations 
in the following conditions: temperature, dilution of the acid, 
proportion between SO-^amfO, percentage of NO. The ex¬ 
treme cases were well kncjwn before : a reduction takes place 
at high temperatures, in case of scarcity of oxygen and excess 
of water; an oxidation in- case of excess of oxygen, coiKen- 
trated acid, and low temperaturc.s. For the intermediate cases 

1 g. angew. Chem., 1889, p. 272. , 

^ Ibid., 1891, p. 37 et seg. ® Ibid., 1S89, p. 273. • 
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I. Nitrous Vitriol of Sp. Gr. 1-720 {say, 78 per cent. HjSO^). 


K.JO3 oriKumlly 


5 Loss of N-^Oj III giatns ppr litrft at 


Gninis in 1 Iitro. 

! 

50 °. 

C 0 ‘. 

70 °. 

80 °. 

1)0°. 






0-006 






o-oi8 

3 





0-025 

4 





0-031 

5 





0-037 

6 





0-043 

7 

8 




0'Oo6 

0-010 

0-056 

0-068 





0-012 

0-081 

10 




0-018 

0-093 

11 




0-025 

0-112 

12 




0-030 

0-125 

13 




0-031 

0-143 

14 




0-043 

0-168 

15 

16 



0.006 

0-056 

0-193 



o-oio 

o-o68 

0-218 

17 



0-006 

0-087 

0-250 

18 



0-012 

o-io6 

0-281 

19 



0-025 

0125 

0-318 

20 



0-031 

0-150 

0-356 

21 



0-043 

0175 

0-400 

22 



0-064 

0*200 

0.450 

23 


o«oo6 

0-081 

0-237 

0-500 

24 

o*oo6 

0-018 

0-100 

0-275 

0.550 

25 

0012 

0-031 

0-125 

0-312 

o-6oo 

26 

o*oiS 

0-043 

0-150 

0-356 

0-662 

27 

0-031 

0-062 

0-181 

0-400 

0-725 

28 

0-043 

0-081 

0-212 

0-450 

0-800 

29 

0-062' 

0-100 

0-256 

0-500 

0-850 

30 

o-o8i 

0-125 

0-293 

0.550 

0.956 

31 

0-093 

0-162 

0-337 

0-612 

1-043 

32 

0-112 

0-200 

0-387 

0-641 

1*125 

33 

0-125 

0-237 

0-391 

0-743 

1-206 

34 

o-i 43 

0-275 

0-475 

o-8o6 

1-287 

35 

0-156 

0-312 

0-525 

0-868 

1-375 

36 

0 - 17 ^ 

0-350 

0-575 

0.931 

1-456 

37 

0-193 

0-381 

o-6i8 , 

I-000 

1-543 

38 

0-2o6 

0-418 

0-662 

1-062 

1-625 

39 

0-237 

0-456 

0-71S 

I-I25 

1-712 

40 

0-268 

0-500 

0-775 

0-831 

I-193 

1-800 

4 * 

0-293 

0-543 

1-256 

1-890 

42 

0-325 

0-587 

0-887 

i- 33 > 

1-975 

43 

0-350 

0-631 

0-937 

1-400 

2-062 

. 44 

0-376 

0-675 

0-993 

1-468 

2-150 

45 

0406 

0-712 

1-050 

1 - 5.37 

2-237 

46 

0-437 

0-756 

1-106 

1-606 

2-325 

47 

0-462 

o-8oo 

I*lC 2 

1-675 

2-392 

<■ 48 

0-493 

0-837 

''I- 2 i 8 

1-743 

2.5TO 

49 

0-518 

0-881 

1-268 

1-806 

2-587 

50 

0-550 

0-931 

1-325 

1-875 

2-675 
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Sorel made some special experiments, from the results of 
which it followed that in identical mixtures an increase of the 

2. Acid of Sp. Gr. 1-686 (sJy, 76 per cent. HjSO^). 


Loss of N.jO,i iit grams per litre at 


Grams m 1 litre. 

• 

50 ". 

00 ". 

70 . 

80 ". 

90 ". 

8 

B 




0-025 

9 


... 



0-036 

10 




0*012 

0*050 

II 




o*oi8 

0 062 

12 


... 


0-025 

0*086 

13 



0*010 

0-050 

0*125 

14 



0*012 

0-075 

0-162 

15 



0*025 

0*100 

0*225 

16 



0*050 

0*150 

0-2S6 

17 


0*010 

0*062 


0-350 

18 


0*012 

0*100 

0*262 

0-436 

19 


0*025 

0*150 

0-350 

0-525 

20 


0*050 

0*186 

0-425 

0-625 

21 

... 

0-075 

0*250 

0-525 


22 


0*112 


0-650 

0-975 

23 


0-136 

0-350 

0-775 

1*200 

24 


0-175 

0*400 

0*900 

1-436 

. 25 

0*010 

0*200 

0*462 

1-025 

1*662 

26 

0*012 

0-236 

0-512 

1-175 


27 

0*025 

0*262 

0-562 


2*125 

28 

0-036 

0-300 

0*612 

1*436 

2-350 

29 

0*050 

0-336 

0-675 

1-575 


30 

0*062 

0*362 


1*700 

2*812 

3 > 

0*100 

0*412 

0 *8ro 

1*812 

3-0S6 

32 

0-136 

0-462 

0-950 

1-975 

3-350 

33 

0*186 

0-512 

1*050 

2*100 

3-625 

34 

0-225 

0-575 

1*150 

2^236 


35 

0-275 . 

0*625 

1*250 

2-362 

4-175 

36 

0*312 

0-675 

'-336 

2*500 

4-450 

37 

0-350 

0-725 

1436 • 

2-625 

4-736 

38 

0*400 

0-525 

1-536 

2 762 

5*000 

39 

0-436 

0-836 

1-636 

2*900 

5-275 

40 

0-486 

0-886 

1-736 

3-025 

5-550 

41 

0-550 

0-950 

1*850 

3-150 

5-850 

42 

0*612 

1*050 

1*986 

3-275 

6-125 

43 

0-686 

1*125 

2*112 

3 - 4'2 

6*400 

44 

0-750 

1*212 

2-250 

3-525 

6*700 

45 

0-825 

1*300 

2-325 

3-736 

6-975 

46 


1*386 


3-825 

7-250 

47 

0*962 

1-475 

2-636 

3-962 

7-566 

48 

1*025 

• - 5 I 2 

2-762 


7-825 

49 


1-650 

2*886 

4-236 

8*100 


temperature from 70° to 80° was sufficient to change the 
oxidation into reduction. At emisfl temperatures a reduction* 
took place when the gaseous mixture contafned. 31 per cent. 
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SOj, 10 per cent. O, 59 per cent. N, but an oxidation with a 
mixture of 21 SO.,, 12-1 O, 66-9 N, etc. The reaction of SO.j on 
nitrous sulphuric acid is needling like so simple as previously 
assumed. If the acid exceeds the strength of l'630, the SO.2 
does not reduce the NjOj to NO, but forms with it and sulphuric 

3. Acid of Sp. Gr. 1-633 (•f'y'i 7‘'5 Percent. HaSO^). 


N2O3 originally 
pn-.sent. 

G tains m 1 litre. 

1 

Ijoss of N/_)j in grams per litre at | 

5 U’. 


70“. 

80 % 

90 % 

j 

0*012 

0025 

0-036 

0*100 

0*150 

2 

0*050 

0-075 

0*086 

0*225 

0*300 

3 

0*100 

0*150 

0*186 

0-350 

0-436 

4 

0*162 

0*212 

0*300 

0-536 

0-612 

s 

0*212 

0*300 

0-436 

0-736 

0*825 

6 

0*300 

0-425 

0-636 

1*000 

1*112 

7 

0*400 

0-562 

0-836 

1-275 

1-425 

8 

0-500 

0*712 

1-036 

1-550 

1.750 

9 

o*6oo 

0-835 

1-236 

1-812 

2*062 

lO 

0*700 

0-936 

1-436 

2*o86 

2-375 

II 

o*8oo 

1*125 

1-636 

2-350 

2*712 

12 

0-871 

1-262 

1-825 

2-636 

3-075 

13 

0*986 

1*400 

2-036 

2*900 

3-436 

14 

I-086 

1-536 

2-225 

3-175 

3-800 

15 

1*186 

1-675 

2*412 

3 - 45 ° 

4-162 

16 

1-275 

1*800 

2-612 

3-725 

4-512 

17 

1-375 

1-936 

2*786 

4*000 

4*886 

18 

1-475 

2*016 

2-975 

4-262 

5-236 

19 

1-562 1 

2-250 

3-1.86 

4-550 

5-600 

20 

1*662 

2*412 

3.400 

4-850 

5-986 

21 

1-812 

2 * 6 I 2 

3-650 

5-162 

6*400 

22 

1-975 

2-812 

3-912 

5.512 

6-862 

23 

2* 186 

3-062 

4-250 

5.912 

7-425 

24 

2-436 

3-336 

4*6i2 

6-350 

8-036 

25 

2*7Co 

3-636 

5*000 

6*8oo 

8*662 

26 

•1*000 

3-950 

5-412 

7.300 

9.362 

27 

3 - 3 ' 2 *' 

4-300 

5-850 

7-S12 

10-150 

28 

3*662 

4-636 

6-325 

8-400 

11*000 

29 

4-025 

5*012 

6-S12 

s-025 

11-986 

30 

4*|l2 

5-412 

7-350 

9-675 

13-125 

3 * 

4.800 

5-836 

7.950 

10-386 

14*500 

32 

5-236 

% 

6-325 

8-575 

11-175 

16-362 


acid fiitroso-sulphuric acid, so long 9s there is oxygen in excess 
and the atmosphere contJims more NjO^ than corresponds to 
the tension of the acid in question af that special temperature 
{cf. above). Otherwise reduction to NO takes place. Acids 
below sp. gr. i-6oo are abfe to fix N^Oj under the same con¬ 
ditions, but only at compaVatively low temperatures ; at higher 
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temperatures there is reduction even in the presence of an 
excess of O and N2O3. 

The previously mentioned bine ^ purple acid, formed by the 
action of reducing substances on 'nitroso-sulphuric acid, and 
sometimes occurring in vitriol chambers, is, accordiag to Burac- 
zevvski and Zbijevvski, a product of the reduction of nitrous 
vitriol by SO.^,' which they call “ nitrosylic acid.” It can be 

4. Acid of Sp. Gr. i-6o (sajf, 69 per cent. 11 ,^ 50 ^). 


origmally 

]tres(*nt. 

GraiiiH III 1 lilro. 

Loss of N2O3 in ^lams poi- litre at 

50 “. 

co°. 

70 *. 

80 \ 

1*0". 

I 

0-050 

0-086 

0-175 

0-336 

0-412 

2 

O-IOO 

0-236 

0-436 

0-725 

0-912 

3 

0-325 

0-525 

0-775 

1-150 

1*500 

4 

0-562 

0-836 

1-250 

1-910 

2-100 

5 

0-812 

1-150 

1-500 

2-120 

2-700 

6 

1-050 

1-450 

I 900 

2-500 

3-350 

7 

1-286 

1-800 

2-350 

3-100 

4-II2 

8 

I- 5 I 2 

2-150 

2-8oo 

3-725 

4-900 

9 

1-750 

2-425 

3-250 

4-336 

5-686 

10 

I-Q75 

2-SI2 

3-712 

4-900 

6-475 

II 

2-250 

3-162 

4-436 

5-265 

7-300 

12 

2-512 

3-536 

4-675 

6-325 

8-125 

13 

2-7S6 

3-936 

S-I50 

7-012 

8-962 

14 

3-o(>5 

4-250 

5-650 

7-700 

9-750 

IS 

3-360 

4-612 

6-125 

8-400 

10-625 

16 

3-600 

4-975 

6-612 

9-125 

11-462 

17 

3-862 

5-35° 

7-100 

9-525 

12-250 

18 

4-150 

5-712 

7-60L 

10-462 

13-136 

19 

4-425 

6-075 

8-086 

11-350 

13-975 

20 

4-700 

6-425 

8-562 

11-850 

14-800 


reduced still further by SO.^, as first assertffd by VVentzki and 
then revoked by him.^ This product wou.d be “ hyponitrosylic , 
acid.” ^ 

On this point Manchot has made a number of investigations.^ 
Contrary to Raschig, who on passing nitric oxide into sulphuric 
acid had observed a reddish colour and a ihuch greater solu- ^ 
bility than that stated by Lunge (cf. p. 252), Manchot could 
not, even at the temperature of liquid air, find that colour, nor 
a greater solubility of NO than that observed by Lunge. 
Manchot has no doubt ttfat the sulphuric acid employeef in 

* Z. angeiv. Chem., 1911, p. 392. , , 

^ Oesterr. Chem. Z.eit., 14, 235 ; Chem. Zentr., 1911, 2, 1558. 

® Z. angetv. Chem., 1910, p. 2112 ; 1911, p. 13 ; i 9 <-i P- loSS''. 
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Raschig’s experiments contained a trace of iron, which would 
explain the red colour; in this case, according to Manchot 
and Huttner,* a crystallisi(-g compound of equal molecules of 
FeSOj and NO is formed, whilst a solution of NO in the 
presence of'ferric sulphate in sulphuric acid contains 2 mols. 
NO to I mol. P'e in chemical combination. Manchot also 
objects to the theory of Sabatier," according to which the 
coloured .solutions of nitric oxide and copper ’or iron sulphate 
contain salts of “ blue acid,” to which Sabatier gives the 
formula : ONXSOjHjj, nitroso-disulphuric acid. According to 
Manchot, the compounds of NO with copper and iron salts 
have nothing to do with the “ blue acid.” 

To these views Raschig® made several objections, which 
Manchot ^ proved to be unfounded in all cases. Later on “ he 
made further communications anent the “blue acid.” If the 
deeply indigo-blue solution is immersed in a mixture of .solid 
carbon dioxide and acetone, it quickly turns intensely carmine 
red ; on being allowed to reach the ordinary temperature, it 
turns again blue; and these changes can be indefinitely repeated. 
The first rcddi.sh tint appears at — 40° ; at — 80" the colour 
is intensely carmine red and does not any more change if the 
temperature is further lowered. By this play of colours the blue 
acid can be much more easily discovered than had been hitherto 
possible. The question arose whether the blue acid contains 
any sulphur at all; but it was not possible to obtain a blue 
solution in the ab.scnce of sulphuric acid. Further experiments 
showed that sulphurous acid is not required for the formation 
of the blue acid ; this acid is formed from sulphuric acid by 
every other reducing "'.gent, and therefore cannot be a derivative 
‘ of sulphurous acid, but probably it contains in its molecule 
sulphuric acid, probably also water, since no very high con¬ 
centration of sulphuric acid is required for its formation. Nor 
is it formed by bringing nitric oxide into contact with con¬ 
centrated sulphuric acid, as shown before. The reducing agent 
does' not act on the oxygen combined with sulphur, but on 
that combined with nifrogen. In any case the blue acid is 
' Lieb. Ann., 372, 152. 

2 Comptes rend., 122, 1417, 1479, 1537 ; 123, 255 - 
^ Z. angeiv. C/iem., igie, p. 2248. 

*1911, p. 13. , 

Ibid,, i’9i2‘, p. 1055. 
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a compound of HjSO^ with an oxide of nitrogen, probably with 
one in which the proportion between N and O is intermediate 
between I : (as in nitrous acijl) and i : i (as in nitric 

oxide).^ In any case, it is a complicated compound in 
which more than one molecule of NO is present for every 
molecule of NO2, and in which, therefore, the proportion 
between ^NO and NOg is much more complicated than in 
NjOg The change of colour on strong cooling, which accom¬ 
panies phenomena of dissociation and polymerisation, supports 
this assumption. Moreover, Manchot refutes Raschig’s asser¬ 
tions concerning a nitric-oxide compound of cupric sulphate ; ^ 
but this controversy has no direct interest for the chamber- 
process. 

Another reducing agent whose action had formerly been 
overlooked is carbon, in the shape of the coke employed for 
packing the Gay-Lussac tower. Lunge has shown ^ that 
coke has a very strong reducing action on nitric acid dissolved 
in sulphuric acid, which goes far towards explaining the fact 
that the “ nitrous vitriol ” from the Gay-Lussac towers never, 
except under altogether exceptional circumstances, contains 
any nitric acid, even when considerable quantities of N.^0^ 
had been present in the exit-gases. But the reduction goes 
further; some N2O3 itself, in the shape of nitroso-sulpliuric 
acid, is reduced by the coke to lower nitrogen oxides and is thus 
lost. This has been proved by Lunge in his laboratory; * 
and as it is a matter of importance, we give the results obtained 
in the following table ;— * 

' Lunge mentioned this in a paper of lS7(; {Her., 12, 1058) as a 
prolxiblc fact. 

- Loc, a'/., 1911, p. 160. 

* _/. Sac. Cheni Ind., 1885, p. 31. 

< Z. ans^cw. Chetn., 1890, p. 195. 


[T.vblk 
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Matciial iisod. 

Tem- 

pmaturc. 

Tunc 

(himis). 

OriKiiittl 

perfcnlaiic 

m 

praiiiH. 

Pi'rcoiitag 

In 

pruiiw 

e dceiCftMi. 

Ot the K.p,, 
originally' 
present. 

I. Nitrous Vitriol of sp. gr. 1*8375. 

Gas Coke in lumps 

15 

24 

i 8-93 

0-330 

I- 7 I 

»» ,, 

14 

2 

18 92 

0-539 

2-86 

,, ,, 

70 

2 

19.30 

0*742 

3-84 

Oven Coke in lumps 

15 

24 

19-30 

0-285 

1-48 

*> )» • • 

40 

2 

iS-92 

0-362 

1-91 


70 

2 

19-30 

0-452 

2-34 

Gas Coke in powder 

>5 

24 

19-30 

0-790 

4.09 

,, . 

40 

2 

18-92 

0-S5S 

4 54 

,, . 

70 

2 

i 6-22 

o-(p 3 

5-57 

»i >1 • • 

100 

2 

i 6-22 

4*611 

28-43 

Oven Coke in powder . 

15 

24 

19*30 

0-379 

1-96 


40 

2 

18-92 

0-451 

2-3S 


70 

2 

16-22 

0-527 

3-25 


100 

2 

i 6*22 

2-770 

17-08 

2, 

Nitrous Vitriol of sp. gr. 1*725 



(.las Coke in powder 

'5 

24 

19-50 

0-333 

1-98 


40 

2 

19-50 

0-574 

2-94 

»* 1) 

70 

2 

19-50 

0-891 

4-57 


100 


19-50 

3-410 

17-49 


VVe sec frofn it that at 40° two hours’ contact reduced the 
percentage of NjOg by 2-4 to 4-5 per cent; at 70" the reduc¬ 
tion sometimes wdht as far as 28 per cent The latter 
temperature ought never to occur in a Gay-Lussac tower, 
but it does occur regularly in Glover towers up to the top. 
The conclusion is that coke-packing should be entirely avoided 
in Glover towers, and that it is not advisable even for Gay- 
Lussac towers.' 

Analysis of Sulphuric Acid 

Qualitatively sulphuric acid is always best recognised by the 
whfte precipitate of barium sulphate which it gives with barium 
chloride, both in the free state and in the solutions of its salts, 
even when very much diluted. This precipitate mostly settles 
I Cf. Chapter II of Vol. II. 
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down as a heavy powder, but in extremely dilute liquids 
occasionally appears only after some little time as a white 
cloud. Barium sulphate is practically in.soluble in water, 
solutions of salts, and dilute acid:^; in concentrated acids it 
is a little soluble, especially on heating, also in concentrated 
sulphuric acid itself and in solutions of ferric chloride. On 
the other hand, l.i a very concentrated liquid free from 
sulphuric* acid, but containing much hydrochloric or, especially, 
;wtric acid, the addition of barium chloride may cause a 
precipitate of barium chloride itself or of barium nitrate, 
which, however, is distingui.shed from barium sulphate by its 
crystalline appearance, and more readily by vanishing on dilution 
of the liquid ; barium selcnate is distinguished from barium 
sulphate by its solubility on boiling with concentrated hydro¬ 
chloric acid, and by its behaviour before the blowpipe. The 
barium chloride reaction proves the presence of sulphuric 
acid either in its free state or in its .salts. In order to find 
sulphuric acid in the free state in the presence of sulphates of 
acid reaction, either the alcoholic solution of the substances 
can be tested with barium chloride (the free acid being soluble, 
but all sulphates insoluble in absolute alcohol), or the charring 
properties of concentrated oil of vitriol are made use of by 
evaporating the solution mixed with a little cane-sugar in 
a small porcelain capsule on the water-bath, and observing 
whether a blackening of the sugar takes place. This reaction, 
however, also takes place with the sulphates K)f very weak 
bases, such as alumina o/ ferric oxide; nor can sulphuric 
acid be distinguished with certainly in tWs way from hydro¬ 
chloric or nitric acid ; but in phosphoric, acetic, tartaric acid, 
etc., a veiy small proportion of sulphuric acid can be proved by 
this reaction. Another reaction for free sulphuric acid, as well 
as for any other strong free acid, is that with methyl-orange : 
the latter does not change colour by addings metallic salts, but 
is changed by the smallest quantity of free sulphuric acid. 

In insoluble sulphates ^he acid is recognised by fusing 
them with alkaline carbonates, or by bailing with concentrated 
solutions of the same and 'filtering the solution of the alkaline 
sulphate formed thereby from the insoluble carbonates, or with 
the blowpipe, on charcoal, by the forftiation of sodium sulphide, • 
according to well-known methods. 
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The quantitative estimation of free sulphuric acid for technical 
purposes is almost exclusively effected by volumetric methods 
or by the hydrometer. I»i both case.s, of course, impurities 
will have a disturbing action ; but for technical purposes their 
influence on the estimation of sulphuric acid may nearly always 
be neglected.' The hydrometric estimation of sulphuric acid 
has been already described in detail on pp. 1^9 et seq.\ and 
we shall here only point out again that the temperature correc¬ 
tion must not be neglected. 

The volumetrical estimation of free acid generally takes place 
by means of a standard solution of potash, soda, or ammonia. 
According to the degree of accuracy required, either a normal 
solution is used, or a semi- or decinormal solution, etc. 

Formerly tincture of litmus was most frequently used as 
indicator. Litmus is not well adapted for working in artificial 
light; and has, moreover, the disadvantage that it is sensitive to 
all weak acids as well, and that it is destroyed by sulphuretted 
hydrogen. 

Phcnolphthalcin has in many ca.ses taken the place of litmus. 
It is one of the most sensitive indicators known, and the change 
from no colour in acid solutions to a decided pink when the 
fainte,st trace of free alkali is present, is ea.sily noticed even in 
artificial light. But this indicator has two drawbacks : it is 
too sensitive even towards the weakest acids {e.g. COj), and it 
fails in the presence of ammonia. 

The indicafroriwhich in alkali- and acid-works is now univer¬ 
sally employed is methyl-orange, which is employed in an aqueous 
solution of I in 2000 water, or even more dilute, and a very 
small quantity of thfr solution is used for each test. Methyl- 
orange is not acted upon by weak acids, such as COj, HjS, 
acetic acid, etc.; i-and this is undoubtedly one of its most 
valuable propcrtie.s, since the trouble and loss of time in boiling 
the liquids, and the error introduced in the case of glass vessels 
(which easily give up some alkali to the hot liquid), are thereby 
avorded. Sulphurous acid behavqs in the manner explained 
supra (p. 186); that i^)'Na^SO, is allcaline, whilst NaHSOj 
is meutral, to methyl - orange. Oxalic acid, as well as 
other strong organic acids, come in between sulphurous acid 
and the strong mineral acids ; no sharp results can be obtained 
' Cf. pp. 207, 208 et seq. 
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with them, and hence oxalic acid cannot serve as standard acid 
with methyl-orange. On the otljer hand, ammonia, which 
cannot be titrated with phenolphthaj'ein, behaves quite normally 
towards methyl-orange, just like potash and soda. The normal 
sulphates of ferric iron, alumina, etc., which giVc an acid 
reaction with litmus, are neutral towards methyl-orange, so that 
any free acid present with them can be estimated by means of 
this indicator. 

* Methyl-orange is destroyed by nitrous acid. Nevertheless 
it can be easily employed in titrating sulphuric or nitric acid 
containing nitrous acid, in two ways : either by adding the indi¬ 
cator shortly before neutralisation and quickly finishing the 
titration, or by supersaturating the acid with caustic soda and 
titrating back with standard acid. 

Nitrous acid acts upon methyl-orange like a strong mineral 
acid, and is therefore completely saturated before the pink 
colour has changed to yellow, if there is not time for the colour¬ 
ing matter to be destroyed. 

The tropjeolins, formerly recommended as indicators, are 
nothing like so sensitive as methyl-orange, and are best not 
u.sed at all as indicators, especially since several totally distinct 
compounds are comprised under this name, and the dealers do 
not always supply that which is really wanted. 

In the titration of sulphuric acid recorcred from the " vitriol- 
tar" produced in refining petroleum, etc., all indicators yield 
erroneous (too high) results, as they are affected also by the 
sulphonic acids present.) 

Free sulphuric acid (including that contSined in commercial 
ferric or aluminium sulphate, or any other Sulphate) is estimated , 
by adding a drop of •methyl-orange solution, which produces a 
pink colour, and then adding a standard sol&tion of alkali, till 
the pink tint has changed into pure light yellow. It is best to 
check this by reproducing the faint pink .shade by means of a 
drop of standard acid. 

H. Howard ^ describes a «iethod for estimating the strength 
of fuming (and ordinary) sulphuric acid by means of the heat 
of reaction produced on dilution with water {supra, p. 218).* 

A rapid method for estimating the strength of sulphuric 

1 Hausmann, in Petroleum, >911, p. 23pi. 

* J. Soc. Chem. Ind., 1910, p. 3. • 
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acid by its thermal properties is given by H. Droop Richmond 
and J. E. Merreywether.' ^ 

The Detection and Estimation of Impurities of Sulphuric Acid. 

The impurities of sulphuric acid are recognisable qualitatively 
in the following manner:—A residue foundjOn evaporating 
the acid in a platinum crucible may contain sulphates of sodium 
(more rarely of potassium), of calcium, aluminium, iron or lead. 
Copper, zinc, or other metals rarely occur in sensible quantity. 
Iron is already betrayed by the colour of the residue after 
ignition, and can also be detected in the acid itself, without 
evaporating it, by the ordinary reagents such as potassium 
ferrocyanide. Boil the acid with a drop of pure nitric acid, 
dilute a little, allow to cool, and add a solution of potassium 
sulphocyanide in e.xcess. To make sure that any red colour 
is not cau.sed by the nitric acid, a controlling test must be made 
with the latter. 

Venables^ employs a mixture of cobalt nitrate with strong 
hydrochloric acid ; the blue colour of this .solution is changed 
into green by traces of ferric salts, but not by ferrous. Iron 
is estimated by reducing with pure zinc and titrating with 
potassium permanganate ; not leaving out of sight its action 
upon SO2, N2O3, etc. A very convenient method for estimating 
traces of iron has ocen described by Lunge in Z. angew. 
Chem., 1896, ^p. 3; reprinted in his Technical Methods of 
Chemical Analysis., 1908, vol. i., p. 381. 

Lead is often found as a white precipitate of sulphate on 
diluting concentrated vitriol with water—further, by adding one 
or two drops of hydrochloric acid, by which white clouds are 
formed, which vanish on addition of more hydrochloric acid or 
on heating ; with more certainty it is shown by diluting the acid 
with three or four times its volume of strong alcohol. The 
precipitate must, of course, be examined further—for instance, 
with the blowpipe, by reduction on charcoal to metallic lead, 
by moistening with airjmonium .sulphide (which blackens it). 
Lead is estimated by diluting the acid, if concentrated, with its 
own volume of water and twice the volume of absolute alcohol, 
whereby all the lead is precipitated as PbSO,. 

* Analyst, a<)iy, 42, 4:73-274 ; J. Chem. Soc., 1917, 2, 503. 

2 Z. anal. Chem., 28, p. 699. 
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Ammonia .—Dilute 2 grams acid with 30 c.c. water, add 
excess of potassium hydrate (3 or 4 grams), and 10 to 1$ 
drops of Nessler’s reagent; this ou^ht not to produce a yellow 
or brown-red colour. Krauch foiAid by this test a distinctly 
yellow colour and opacity, when adding i mg. lilllj to 100 
grams concentrated sulphuric acid. 

Hydrochloric acid (from the common salt present in the 
nitrate eff soda) can be detected by nitrate of silver, but consider¬ 
able dilution is necessary, as silver sulphate is sparingly soluble. 

For the estimation of chloride, 10 c.c. of the acid is boiled 
in a flask, the vapours are conducted over the surface of a 
little water contained in a flask, which absorbs the HCl, and 
in this solution it is estimated by titration with dccinormal 
silver nitrate .solution. 

Hydrofluoric acid is found by heating in a platinum dish 
covered by a glass plate coated with wax, and containing 
scratched-in figures. 

The estimation of hydrofluoric acid is given by Ehrenfeld,' 
who precipitates both acids. 

The volatile impurities of sulphuric acid are estimated as 
follows :—Two kg. of the acid (undiluted) arc shaken up in a 
bottle half filled with it, whereby the air contained in the 
bottle is saturated with the gases dissolved in the acid. They 
are tested: 1st, for sulphur dioxide by iodide-starch paper; 
2nd, for the gaseous oxides of nitrogen by potassium-iodide 
starch paper. Only a great excess of SOj would decolori.se 
the paper, turned blue by nitrous gases. 

Sulphur dioxide is found by the discharge of the blue 
colour of faintly blue iodine-starch solution. Or, the SO2 is 
converted by zinc ot aluminium into hydrogen sulphide, an(? 
this is tested with lead paper, or with an, alkaline solution of 
sodium nitropru.sside. 

Arsenic is recognised in dilute sulphuric acid by sul¬ 
phuretted hydrogen ; more'delicate than this is Reinsch’s test 
—diluting with equal volimies of water and pure hydrochloric 
acid, and immersing a bright copper foil, which, after gentle 
heating, is covered with » fast-adhering slate-grey precipitate, 
consisting of a compound of copper and arsenic, CujAsg (if the 
arsenic is present as arsenic acid, the reaction only sets in after 
1 Chem, Zeit, 1915' ?• 440 ’ ■ 
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longer heating). Most delicate is the detection of arsenic by 
Marsh's apparatus, in which, on addition of pure zinc and water, 
the arsenic is given off as drseniuretted hydrogen, and is found 
by reduction in a red-hot !tube (Berzelius) or by lighting the 
gas and hol^Jing a piece of porcelain in the flame, on which any 
arsenic appears as spots. Since it is difficult to procure zinc 
absolutely free from arsenic, it is well to substitute aluminium 
foil for it. This test shows arsenic acid as well as arsenious 
acid ; they can be distinguished by neutralising with ammonir. 
and adding magnesia mi-xture: any precipitate thus formed 
must contain the arsenic acid, the filtrate the arsenious acid. 
Marsh’s reaction is interfered with by the presence of sulphurous 
acid, nitrous acid, nitric acid, etc. 

Selmi’ asserts that arsenic can be detected in acids which give 
no reaction by Marsh’s test, by adding to lOOO grams of the acid 
300 grams water and some lead chloride, distilling and testing 
the first portions of the distillate with sulphuretted hydrogen. 

Scybel and VVikander" prove the presence of arsenic in 
sulphuric or hydrochloric acid by the yellow precipitate of 
Asig, produced by the addition of a solution of potassium 
iodide. Sulphuric acid should be diluted to 45° B., hydro¬ 
chloric acid should be employed in the concentrated state. 
The reaction is interfered with by free chlorine, ferric salts, 
nitrous acid (which equally cause a yellow coloration by the 
formation of free iodme), and by lead, which forms yellow 
Pblj. (Unfortijnately, commercial acids mostly contain one or 
the other of these impurities.) 

According to Dpwdow,® Rosenheim,'' and Berry,''’ selenium 
interferes with the Marsh test. Schindelmeiscr" found that no 
AsHg is given off until all selenium has been precipitated by 
zinc or aluminium^ in the Marsh apparatus. Selenium also 
forms precipitates with potassium iodide .very similar to Aslg, 
so that Seybel and. Wikander’s test is also interfered with. 

Although the minute rules laid down by the Arsenic Com¬ 
mittee of the London Section of the Society of Chemical 
Industry ’’ refer to the C':amination of beer, brewing-materials, 

I'Cais. Chim. I/a!., 10, 40. Clicm. Zeit., 1902, p. 50. 

8 Chem. Zentr., 1895, i, 811. ^ Chem. News, 83, 277. 

® J. Soc. Chem. Ind., 20, 322!. ® Chem. Zentr., 1902, 2, 960. 

7 J. Soc. Cke/n. Ind., igoz,^). 94. 
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food-stuffs, and fuels for arsenic, we shall reproduce here that 
portion of them which can be applied also to the examination 
of sulphuric acid. The Committet! recommend the use of the 
Marsh-Berzelius test. * 

1. Pure Reagents .—To half a litre of “pure” sulphuric acid 
a few grammes of sodium chloride arc added and the mixture 
is distilled frojn a non-tubulated retort, the first portion of 
about 5CJ c.c. being rejected. One volume of the distilled acid 
is diluted with 4 vols. of water. Zinc, free from arsenic, can 
be obtained from the dealers in fine chemicals. It should be 
regranulated by melting it and pouring it from some height 
into cold water. A. II. Allen holds it to be c.ssential that the 
zinc should contain a trace of iron. 

2. Apparatus .—A bottle or flask, holding about 200 c.c., is 
fitted with a doubly-bored cork, india-rubber stopper, or with 
a ground-in glass connection, carrying a tapped funnel holding 
about 50 c.c. and an exit-tube. The latter is connected with 
a horizontal drying-tube, containing, first a roll of blotting- 
paper soaked in lead-acetate solution and dried, or a layer of 
cotton-wool prepared in a similar way, then a wad of cotton¬ 
wool, then a layer of granulated calcium chloride, and finally 
a thick wad of cotton-wool. To this tube is fitted a hard-glass 
tube, drawn out into a thin tube of such external diameter 
that at the place where the arsenic mirror is expected the 
tube just passes through a No. 13 Birmingham wire-gauge 
( = 0-092 in.). A good Bunsen flame is ussd to heat the 
wider part of the hard-glass tube close to the constriction. 
About I in. of tube, including the shouldgr, ought to be red- 
hot. A piece of moderately fine coppei; gauze (about i in. 
square), wrapped round the portion of the tube to be heated, * 
assists in ensuring an equal distribution of h,eat. 

3. Mode of Testing .—About 20 grams of zinc are placed in 
the bottle and washed with water to clean the surface ; all parts 
of the apparatus are connected and sufficient acid is allowed 
to flow from the funnel so as to cause a fairly brisk evolution 
of hydrogen. When the hydrogen flame (which during the 
heating of the tube should be kept as uniformly as possible 
\ in. high) burns with a round (not pointed) top, all air has 
been removed from the apparatus. »The Bunsen burner should . 
then be placed under the hard-glasS tube, as described, and 
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more acid (lo to 20 c.c.) run in as required. With good 
materials no trace of a mirror is obtained within half an hour. 
Great care must be taken that, when additions of acid are 
made to the zinc, no bubble of air is introduced, since in 
presence of air the arsenic mirror may become black and 
uneven, whilst it should be brown. 

Should the blank experiment not be .satisfactory, it must be 
ascertained, by changing the materials methodically, whether 
the fault lies with the acid, the zinc, or the apparatus. 

4. Preparation of Standard Mirrors .—A hydrochloric-acid 
solution of arsenious oxide, containing o-ooi mg. A.s^Oj per 
cubic centimetre, is prepared by diluting a stronger solution 
with distilled water. Two c.c. of this solution are introduced 
into the apparatus. If the zinc is “sensitive,” a distinct brown 
mirror is obtained within twenty minutes. (Some “ pure ” zinc 
is, from a cause at pre.sent unknown, not sensitive.) The 
portion of the tube containing the arsenic should be sealed off 
while still filled with hydrogen. Mirrors are similarly made 
with 0-004, 0-006, o-oo8, and o-oi mg. of arsenious oxides. 
The first stage of every test must be blank for at least 
twenty minutes. 

Arsenic in both states of oxidation can be detected and 
estimated by the procedure described. 

The proof that the mirrors are arsenical is obtained as 
follows:—The narrow portion of the tube containing the 
mirror is cut off, the hydrogen replaced by air, and the ends 
sealed up. The tube is then repeatedly drawn through a 
Bunsen flame until.-the mirror has disappeared. On cooling, 
minute sparkling crystals of arsenious oxide deposit, which 
can be readily identified under the microscope. With this 
test, quantities of c.c. will give an indication in the presence 
of 0-000015 per cent, or i part arsenious oxide in 7,000,000. 

We have thought it right to quote this method ; but (as is 
the case with some which follow) it is really too delicate for 
the"ordinary purposes of the acid-maker. The limit'allowed 
by the British Pharmatopceia is 5 parts As per million. It 
is acknowledged on most sides that acid containing such a 
minimum of arsenic can be employed even for the purpose 
of manufacturing glucose; tartaric acid, and other substances 
imended for-human consumption. 
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Eertrand ’ concentrates the arsenic in not more than 30 to 
60 c.c. of liquid in the hydrogen ^apparatus. The oxygen is 
entirely driven out of the apparatus, after putting in the zinc, 
by pure CO2 taken from a bottle of liquid CO2 ; this takes only 
a few minutes. Then one or two drops of dilute platinum 
chloride in 10 c.c. of dilute sulphuric acid (i : 5) are added, and 
after ten minutts the arsenical solution is introduced. The gas 
is dried by cotton-wool, previously heated to 120°. It is 
passed through perfectly clean glass tube.s, which are chosen all 
the narrower the smaller the quantity of arsenic expected ; 
only I mm. wide, if less than g mg. is present. The end is 
drawn out very fine for several centimetres, about 10 or' i 5 
cms. from the place where the ring is to be formed. A space of 
about 20 cms. length of this tube is heated to nascent rednc.s.s. 
If the tube is thin, nothing else need be done ; if it is of thick 
glass, a space of the above length should be confined on both 
sides by a band of filtering-paper kept moist, so as to prevent 
the ring from spreading too fast. In this way one-thousandth 
of a milligram or even less can be detected ; but of course the 
greatest care must be taken not to introduce it by the reagents. 
Such exceedingly slight mirrors must be kept from oxidising 
by sealing the tube while filled with hydrogen. 

Parsons and Stewart ^ show that in the presence of iron some 
arsenic is retained in the Mar.sh-Berzeliws flask, and hence iron 
should be avoided if quantitative results are required. This 
contradicts Allen’s views supra, p. 281. * 

The test proposed by Gutzeit is frequently preferred on 
account of its simplicity. It consists iS allowing hydrogen, 
containing arsenic, cooled as in the Marslf test, to act upon solid 
silver nitrate, depoiited by drying on a piece of blotting-paper. 
Convenient forms of apparatus for this test have been con¬ 
structed by Kirkby,® by Tyrer,^ and by Dowzard.’’ Cf. also 
Hehner,® Bird,’ Richardson,® and Gotthelf.®' 

For sulphuric acid specially Bettendorf’s test is also 
employed, in which a soh*tion of stannous chloride in its own 

' Ball. Soc. Chinf. [3], 27, No. 16 'Chem. News, 86, 191. 

^ J. Amer. Chem. So?., 1902, 24, 1005. 

“ J. Soc. Chem. Ind., 1901, p. 281. ^ Ibid., p. 281. 

Ibid., I goo, p. 1145. Ibid., 1901, p. 194. ^ 

^ Ibid., 1901, p. 390. Ibid., 1902, p. 902. ^ 

» 1903, p. 191. ■ * 



284 TECHNICALLY EMPLOYED OXIDES OF SULPHUR 


weight of strong hydrochloric acid is added to the solution to 
be tested. In the prcsencejOf arsenic a brown colour and, later 
on, a black precipitate are formed much more quickly when 
heating. According to Messel,* o-oi mg. As^O^ can be 
detected in i c.c. sulphuric acid by this test. 

The detection of arsenic has been most thoroughly treated 
in a Report of a Committee appointed by the’’Commissioners 
of Inland Revenue, of which Professor T. E. Thorpe was Chair¬ 
man. They recommend, in the first instance, Bloxam’s electro¬ 
lytic method for the reduction of the arsenic to arsenuretted 
hydrogen, as worked in the Government Laboratory. The 
apparatus serving for this is illustrated and minutely described 
in the Report. It is somewhat costly, and of course only 
applicable where an electric current is available. There¬ 
fore in many cases the zinc method will be preferred, in 
spite of its drawbacks. This latter method, as described in 
the Report, agrees in most respects with the prescriptions laid 
down by the Arsenic Committee of the Society of Chemical 
Industry; ^ the deviations comprise only some certainly not 
unimportant details. The size of the apparatus employed and 
the amount of zinc and acid are much smaller, the rate of 
evolution of the gas is less, and the arsenic is deposited over a 
smaller area of glass.® 

In the /. Soc. Chen. Ind., 1917, p. 576, the application of 
the Gutzeit test to works determinations of arsenic is given by 
C. Hollins. 

The chemistry of the Marsh-Berzelius process for the 
estimating of arsenic is given by B. S. Evans in the Analyst, 
for 1920, 45 , pp. 8-17 ; Chem. Soc. Abst., 1920, ii., p. 125. 

Arsenic is estimated by reducing any arsenic acid to 
arsenious acid by a stream of SOj, expelling this by CO2, and 
precipitating by H^S. The presence of lead, antimony, copper, 
platinum, etc., makes this process very complicated.* If the 
quantity of As is somewhat considerable, it can be reduced to 
AsjOs by SOj, followed by COj ; the liquid is then neutralised 
by soda, and the AsjOs Titrated by iodine solution.® Further 

1 J. Soc. Chem. Ind., tgot, p. 192. 2 Supra, p. 280. 

® J. Chem. Soc., 83, 974; ,/. Soc. Chem. Ind., 1903, p. 965. 

* Cf. thereon McCay, An^er. Chem. J., 7, No. 6. 

® Kisling, Chetn. Ind., 1886, p. 137. 
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particulars are given in Lunge-Keane’s Technical Methods of 
Chemical Analysis, vol. i., pp. 383-384. 

This method of Lunge’s is criticised by Peregin.' By 
this method the results were trustworthy, but had a tendency 
to be too low ; a correcting factor, however, may bs found and 
applied in practice. 

Twenty c.c. lof the sulphuric acid are diluted to about 50 c.c. 
and treafed for ten minutes with a current of sulphur dioxide ; 
She mixture is then heated, and a current of carbon dioxide is 
passed through it until all the sulphur dioxide has been expelled. 
After further dilution the solution is neutralised with sodium 
hydrogen carbonate and titrated with N/20-iodine solution. 

In the iodometric estimation of arsenic acid, I. M. Kolthoff^ 
states that the reaction : 

+ 4H I^ASjOj + 212 + 2 n,_,o, 

proceeds from! left to right only in acid solution. In order to 
obtain satisfactory results‘by titration of the liberated iodine 
with thiosulphate, hydrochloric acid must be present as 4N acid 
in the mixture if the solution of arsenate is N/5 to N/io. If 
the arsenate is more dilute (N/50) a minimum concentration of 
4-5 N hydrochloric acid is necessary. The reaction mixture 
must stand for five minutes before titration with thiosulphate. 

Kohr® gives a rapid method for the quantitative determina¬ 
tion of arsenic in commercial sulphuric acid. After examina¬ 
tion of the literature on the subject, and having examined the 
various methods, the following was finally devised ;— 

Arsenious Form. —Weigh out 20 grams of acid and dilute 
with a small amount of distilled water, an(? add a few drops of 
methyl-orange. Carefully neutralise with*a solution of sodium , 
carbonate until the'methyl-orange shows very faint pink, and 
add about 2 grams of sodium bicarbonate 'powder in e.xccss. 
Make up the solution to about 250 c.c. with distilled water, if 
necessary, and titrate with Nyio-iodine solution, using starch as 
an indicator. A blank determination should be made on.the 
reagents and suitable corrections made. C.c. N/io iodine 
X 0-00495 = grams AsgOj^in the arsenious form. 

1 Ann. Chim. anal., 1917, 22, pp. 24-25 ; J. Chem. .^oc., 191?) 2 i '80. 

^ Pharm. Weekblad, 1919, $6, 1322-1326;/. See. Chem. Ind., 1919, 
p. 76 2A. * 

® /. Ind. Eng. Chem., 1920, p. 580. * • 
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Arsenic Form .—Weigh out 20 grams of the acid to be tested 
into a small beaker and place in an oven regulated at 105°-! 10° 
for about one hour. Dilute with a small amount of distilled 
water, and add a saturated solution of sodium carbonate until 
just in excess (phenolphthalein). Boil and filter into an 
Ellen meyer flask, wash thoroughly, and add about 3 grams 
sodium bicarbonate powder. Add 150 c.c. streng HCl slowly 
with occasional agitation, then add about i gram of potassium 
iodide crystals, cover the flask in order to keep out the air, 
agitate and then allow to stand five minutes. Titrate the iodine 
liberated with N/io thiosulphate with starch as indicator. 

C.c. N/io thiosulphate X-00495 = grams AS2O3 in arsenic 
form. Arsenic in arsenic form + arsenic in arsenious form = 
total AS2O3. Total As^Og X 5 = per cent. As^Og. Per cent, 
total AsgOg X -7575 = per cent, total As. 

Copper interferes with the estimation of the arsenic acid, 
and if an appreciable quantity of this metal is present it should 
be estimated and an allowance made for its amount; i mole¬ 
cule of copper liberates i molecule of iodine from potassium 
iodide. 

Selenium .—According to E. Schmidt,* a solution of a few 
milligrams of codein phosphate in 10 c.c. sulphuric acid in 
the presence of only i part of SeOj in a million parts of 
sulphuric acid produces a distinctly green colour, which after 
standing for a quarter of an hour is changed into deep blue- 
green. Selenic acid (SeOg) is not indicated by this or the 
other reagents, but (as well as SeOj) by acetylene, which 
with 0-001 per cent, selenium gives a red colour. The 
addition of a little hydrochloric acid accelerates the secretion 
of the selenium, which dissolves in the hot, sulphuric acid with 
a green colour. The red colour of sulphuric acid sometimes 
observed is usually caused by a very slight percentage of 
selenium, in cases -./here in the denitration of Gay-Lussac acid 
an excess of SOj has been applied. 

Orlow ^ rejects codein and prefer^ SOj, especially on heating. 
Five parts H.^SO^-f-io parts water+10 parts SOj solution 
give a red precipitate at once with 0-3 per cent. HjSeOg, but 
also with 0-03 per cent, after standing a few days or heating 

* Arch. I’har?!!., 1914, p. 16. 

‘ 2 C/iem. Zcnlr., 1901, i, 480. 
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a few hours. Even 0’003 per cent, gives a rose-colour. 
Rosenheim ’ discu.sses at length the influence of selenium on 
the ordinary tests for arsenic. 

Meyer and Tannek ^ prove the presence of small quantities 
of selenium by sodium hydrosulphite, which reduces it to the 
colloidal state, producing a deep red colour of the liquid. 
0‘ I gram of thJ hydrosulphite is added to i c.c. of the faintly 
acid solution ; the colour appears after a few seconds. The 
solution is then neutralised by solid sodium carbonate, in order 
to prevent the liberation of yellow hydrosulphurous acid. 
Neutral salts do not interfere with the reaction, which appears 
up to I part in 160,000, and which can be also used for 
quantitative colorimetric estimations. If hydrosulphitc is 
added to concentrated sulphuric acid, a milky precipitate of 
free sulphur is formed, which in the presence of 0-002 per 
cent. SeOj has a yellow colour. 

According to J. Meyer,® .solutions containing selenium, 
when evaporated on a water-bath, lose sensible quantities of 
SeOg by volatilisation. This loss is very considerable in the 
presence of free hydrogen chloride, and on repeated evaporation 
with IICl may go up to 80 per cent, of the selenium ; it is 
not reduced by the presence of potassium or sodium chloride. 

J. Meyer and W. von Gaon ^ carry out the quantitative 
estimation of selenium colorimetrically by measuring the 
intensity of the colour of iodine, liberated from an acidulated 
solution of potassium iodide by the selenium* dioxide ; this 
colour in dilute solutions js yellow, in concentrated solutions 
yellowish brown up to blackish brown. TI*c reaction is : 

HjScOj-t- 4HI = 4I -f 3H2O+’Se. 

In order to obtain the liberated selenium m a colloidal solu¬ 
tion, a few drops of a solution of gum arabic are added ; 
otherwise the selenium would be separated in red flakes, 
very much interfering with* the reaction. The comparative 
measurings of the intensity^of colour were made by a Kfiiss 
colorimeter with a Lummer-Brodhuhn *prism at daylight. In 
this way selenious acid can* be estimated in dilutions of one in 
a million. 

^ Chem. Zentr.^ 1901, 2, 234. ® anal. Chem., I 9 I 3 > P- 534 - 

® Idid., 1914, p. 145. ■* Il>‘d., p. 29. • • 



288 TECHNICALLY EMPLOYED OXIDES OF SULPHUR 


Denigfes ’ detects selenium by boiling the substance with a . 
few drops of concentrated hydrothloric acid, diluting with the 
same volume of water, and adding a dilute solution of 
mercurous nitrate, which pioduces a characteristic precipitate 
of mercurous selenite. In ca.se of very small trace.s, the 
reaction can be carried out on a microscope-glass. 

Meunier ’ detects .selenium by means of Mdrsh’s apparatus, 
h'or the detection of very small quantities of selenious acid in 
sulphuric acid sec Ernst Schmidt, Arch. Phann., 1914, 252, 
161-165 ; J. Chem. Soc., 1914, ii., 672. 

Luciano P. J. I’alct states that selenium in sulphuric acid 
gives an intense violet coloration with aspidospermine. The 
pure acid does not give this reaction, but in the prc.sence of 
an oxidiscr, such as potassium chlorate or lead peroxide, it 
develops a rose-red coloration. 

Oxygen Compounds of Nitrogen. —These are nearly always 
present in the sulphuric acid of trade. They are recognised in 
the simplest manner, and with nearly as much precision as by 
any other test, either by the dccolorisation of a drop of dilute 
solution of indigo on heating, or by carefully pouring a solution 
of ferrous sulphate on the acid contained in a test-tube, so that 
the liquids do not get mixed. In the pre.scnce of traces of 
nitrous acid or of higher nitrogen oxides a brown ring will be 
formed at the point of contact; if more be present, the iron 
solution is coloured brown or black ; but after some time it 
loses colour again, especially if it has become warm by the 
reaction. Selenium also gives a red ring similar to that 
produced by trace.s t/f nitrogen oxides ; but the colour. Instead 
of gradually vanishing, after standing for some time turns into 
a red precipitate at the bottom of the test-tube. Nitrous and 
hyponitric acids arc also recognised by turning blue a solution 
of starch containing potassium iodide. The most sensitive 
reagent for nitrogcii acids is diphenylamine. 

Lunge has shown'' that the diphenylamine reaction 
is b’est employed in the following manner: 0-5 gram white 
diphenylamine is dissolved in 100 c.c pure strong sulphuric 

' Ann. Chim. anal, 1915, pp. 57 and 59. 

2 Contptes rend., 1916, p. 332. 

® Anal Soc. Quim. Argcnil-,a, 1917, 5, 121-123; J. Chem. Soc., 1918, 

2, > 27 - , . 

* Z. angeiu. Chem., 1-894, p. 345. 
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acid, adding 20 c.c. water; the heat assists in dissolving the 
substance, and the reagent keeps i^i well-stoppered bottles a 
long time without turning brown. When testing for nitrogen 
acids, pour a few cubic centimetres 6f the heavier liquid into a 
test-tube and carefully pour the lighter liquid on Jthe top, so 
that the layers only gradually mix. The presence of as little 
as mg. nitrogen in the shape of nitrogen acids per litre is 
indicated *by a blue ring forming at the surface of contact of 
beth liquids, most easily perceived by holding the glass side¬ 
ways against a white background. Both nitric and nitrous 
acid are indicated in this way. 

Withers and Ray’ describe the te.st just in the same 
manner; according to them, the blue ring appears in the 
presence of millionth of nitrous nitrogen or y’g millionth 
nitric nitrogen, and when heating for an hour even with 
millionth nitrous or 'if nitric nitrogen. 

Brucine indicates only nitric acid if there is a great excess 
of .strong sulphuric acid pre.scnt; neither selenium nor nitrous 
acid interferes with this test, but nitrous acid reacts with 
brucine if there is but little sulphuric acid and much water 
present, say 1:2. In order to detect nitric acid, an aqueous 
solution to be tested should contain at least | of its volume of 
strong sulphuric acid. The brucine can be added either as 
powder or dissolved in pure strong sulphuric acid, say i c.c. of 
a solution of 0-2 gram brucine in 100 c.c. strong acid, for 50 c.c. 
of the solution to be te.sted, of which ^ must consist of strong 
sulphuric acid. If as little as mg. nitric nitrogen be 

present, a pink colour is produced which giiadually, on heating 
, very quickly, pas.ses through orange irXo yellow. Lunge 
has shown how thiji test can be utilised for a quantitative 
colorimetric estimation of small quantities of nitric acid.’ 

Most reagents, like diphenylainine, ferrous sulphate, and 
indigo, indicate both nitric and nitrous acid.' There are other 
reagents which prove the pretence of nitrous acid (or nitrites) 
a/one, not that of nitric acid^ for instance, a mixture of starch 
solution with a solution, of iodide of zihe (a blue colour being 
produced), and of various drganic amines, which with nitrous 

* J. Amer. Chem. Soc., 19 ii, p. 708. 

^ Z. angew. Chem., 1894, p. 347. Qt 'also ibid., 1902, pp. i, 170, 
and 241, ' 
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acid form corresponding azo-colours.’ Of these the most 
frequently used are: metaphenylene diamine, which produces 
a yellow colour with 0-i mg. nitrous acid in a litre, or else a 
combination of sulphanilic acid and a-naphthylamine (reagent 
of Griess). ^ Lunge ^ states that it is best to mix both sub- 
.stances, dissolved in dilute acetic acid, at once, and to keep this 
solution ready for use; any nitrous acid getthig in from the 
laboratory air is thus betrayed by the reagent turning pink. 
This colour can be removed by shaking up with zinc dust and 
filtering. In order to carry out the test for nitrous acid, the 
solution is heated up to about 8o°, and a few cubic centi¬ 
metres of the mixed reagent added to it, when a rose colour 
will be developed with less than mg. NjOj in one or two 
minutes. Solutions containing too much nitrous acid give only 
a yellow colour. In order to obtain a reagent which is not dis¬ 
coloured on keeping, a little of the a-naphthylainine is boiled 
with a few cubic centimetres of water, the hot solution is 
poured off, and only this is used, mixing it with dilute acetic 
acid and a dilute solution of sulphanilic acid. 

If any nitrous acid present is carefully destroyed by treat¬ 
ment with urea, the ordinary reagents like diphcnylamine, 
ferrous sulphate, and indigo, will indicate any nitric acid 
present, this not being acted upon by urea. 

The adils of nitrogen (nitrous, hyponitric, and nitric) cannot 
easily be present together with sulphurous acid in sensible 
quantity ; but they occur in very considerable proportions in 
certain intermediate manufacturing products (“ nitrous vitriol ”); 
and the methods for estimating them are therefore of great 
importance. Also i.i chamber-acid and in more concentrated 
products there is more often nitrous or even nitric acid present 
than sulphurous al'id ; and in this case the estimation of even 
minute quantities is sometimes of importance, because they 
exert a very injurious action during the concentration of the 
acid in platinum. 

Nitric oxide, as shown on p. 25.1, is soluble in sulphuric add 
only in extremely slight quantities, inappreciable in any ordinary 
mode of testing. In [rractice, accoVdingly, no account need be 
taken of nitric oxide, especially in the case of the stronger acids, 
since in any case it canndt be present in sufficient quantity for 
, * Griess, Ber., ii, 6124. Z. angeiv. Chem., 1889, p. 666. 
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estimation ; and the analytical methods can only refer to the 
higher oxides and acids of nitrogen. ♦ Of these, again, only nitric 
and nitrous acid need to be taken into account. Nitrogen per¬ 
oxide, NjO^, when dis.solved in sulphuric acid behaves exactly 
like a mixture of equal molecules of nitric and flitrous acid 
(p. 263). Nitrous acid itself does not exist in any but rather 
dilute sulphuric Kcid ; in somewhat concentrated acid it exists 
as nitroso-sulphuric acid, SOaCOHXONO). The solution of 
this compound in sulphuric acid behaves, however, towards 
oxidising agents and in most other respects exactly like a 
solution of nitrous acid, which, in fact, is formed from it by 
dilution with water. Ordinarily in doing this, part of the HNOj 
is decomposed into NO and HNOg (p. 259), but this decomposi¬ 
tion, which would interfere with the analysi.s, can be prevented 
by proper precautions, as we shall see later on. 

First of all we must describe the methods for estimating the 
total nitrogen adds, that is, nitrous and nitric acids together, in 
which case the result can be calculated as NjOj, NgOg, HNO,, etc. 
Frequently, for technical purposes, the N is calculated as NaNO^. 

Of the nuincious methods proposed for this end we only 
mention tho.se which are employed for technical purpo.ses. 

The method of Pelouze, modified by Fresenius and others, 
is only adapted for the estimation of nitric acid ; it is, however, 
.sometimes u.sed for estimating a mi.xturc tif this and of nitrous 
acid, after the latter has been converted into nitric acid ; for 
instance, by chlorine, potassium bichromate, pen^anganate, etc. 
It is founded upon the faebthat free nitric acid oxidises ferrous 
chloride or sulphate, according to the equatfon : 

6 FeCI., + 2 HNO 3 + 61IC1 6 KCCI 3 + 2 NO s 4 H., 0 . 

l?y means of potas.sium permanganate the ferrous salt, not 
oxidised by nitric acid, is estimated, and the quantity of the 
latter is calculated from that of the ferrous salt consumed. 

This method is described in great detail' in Lunge’s first 
edition, vol. i., pp. 54 to 58,iind .second edition, vol. i., pp. 173 
to 176 ; it is not repeated here, as the nfuch handier nitrometer 
method has made it obsolete. 

The process which is mostly used for the estimation of the 
total nitrogen acids in sulphuric aci^5 (as well as for that of 
nitrate of soda, of nitroglycerine, and for many analogous 
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level of the mercury in this tube is so placed that it is as much 
higher than that of a as corresponds to the vitriol; say, for each 
7 mm. of acid i mm. of mercury ; or else the level of the mercury 
is made the same in both tubes, and the height of mercury 
correspond hig to the layer of vitriol in the tube is deducted from 
the barometrical pressure. In the former case, it is easy to 
ascertain after reading off whether the proper ■ ompensation for 
the height of the acid column has been made or not. It is only 
necessary to open cautiously the tap d, over which a drop^f 
acid has been left standing. If this is sucked in, and the level 
of the acid falls, there has been too little pressure, and vuc versa. 
The volume of the nitric oxide can be read off to c.c. and 
reduced to N.T.P. Each cubic centimetre of NO, measured 
at o" and 760 mm., corresponds to l'3402 mg. NO, or 1-6975 
mg. N2O3, or 2-8144 >"g- LINO3, or 4-5176 mg. KNOg, or 
3-79(86 mg. NaNOg.* By this process, of course, nitric and 
nitrous acids cannot be distinguished, but are always estimated 
together. 

After reading off, b is again placed higher, the tap d is 
opened so that tube a communicates with the small outlet tube, 
and thus first the nitric oxide and then the sulphuric acid, 
muddy with mercuric sulphate, is driven out. When the 
mercury begins to run out as well, the tap is closed, and every¬ 
thing is again ready far a new test. If any sensible quantities 
of sulphurous acid are present in the acid to be tested (as 
proved by the. smell), it is best to add a very little powdered 
potassium permanganate to the sulphuric acid, avoiding any 
considerable excess. 

It has been stated by T. Bayley that it is necessary to dilute 
the acid contained in the nitrometer at tlip close of the experi¬ 
ment, in order to expel the nitric oxide dissolved by the 
sulphuric acid. But for ordinary purposes there is no appreci¬ 
able error caused by the solubility of NO in sulphuric acid, 
as Lunge showed in J. See. Chem. hid., 1885, p. 447, and 
1886, p. 82. This could not be contradicted by Bayley, 
who, however, contendftd that the iron contained in the acid 
as ferrous sulphate acted as solvent for NO. Lunge replied 
to this ^ that the quantity of iron found in any commercial 

' Multiples of these figures from 2 to 9 are given in Lunge's Techniuil 
Oiemhti' Hahdbo'ok, 1916, 15. ^ Chem. News, 1886, 53, 289. 
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acid would never lead to any appreciable error of this kind, 
more particularly as it would be present as ferric sulphate. 

For very exact purposes the solubility of NO in strong 
sulphuric acid, which amounts to 0-^5 c.c. NO in lOO c.c. acid, 
must be taken into consideration. Nor must the aci^l employed 
be stronger than 94 to 94'5' per cent., to avoid the reduction 
of NO to N2O «r N.* 

In spfte of the very great convenience, speed, and accuracy 
of the nitrometric estimation of the nitrogen acids, many 
chemists might have abstained from using it, bccau.se the 
unavoidable reduction of the volume of NO to 0“ and 760 mm. 
pressure appeared too tedious to them. In order to over¬ 
come this objection. Lunge calculated tables which admit of 
reducing any volume of gas from l to too from any given 
temperature to o'”, and from any given jrrcssnre to 760 inm., 
by simple reading off. These tables were given in the Appendix 
to his first edition ; they are also contained in Lunge’s Technical 
Chemists' Handbook (1916), p. 48 e.t seq. Other tables, requir¬ 
ing very little more time for use, are found in Winkler-I.ungc’s 
Handbook of Gas-Analysis, 2nd edition, p. 177 et scq. 

Thc.se tables are not required if one uses an instrument 
invented by Lunge, and called the c;as-volumctcr'.’ This 
renders unnecc.ssary all calculations and tables in connection 
with the reduction of volumes of gase;j to 0° and 760 mm. 
This instrument, as shown in h'ig. i 5, consists of three glass 
tubes, all joined by rubber “pressure” tubes/o a three-way 
pipe, D, and sliding upwards or downwards in strong clips. 
Tube A is the measuring-tube, B the reduction-tube, C the 
level-tube. A is divided into tenths of a^ubic centimetre, and 
generally holds 50,c.c. ; where larger volumes of gases are to* 
be measured it is shaped like B, and holds tjo or too c.c. in the 
upper, wider portion, and another 40 c.c. (divided into c.c.) 
in the lower, narrower portion. The “ rcdu<tion-tubc ” B holds 
100 c.c. in the upper part,* and another 3Q c.c. (divided into 
•jlyj c.c.) in the lower part. ^ This tube is set once for all in the 
following way:—After putting the apparatus together and 
partly filling it with mcroury, the temperature close to B and 
the barometric pressure are taken, and it is calculated, by the 

1 C/l p. 252. • * 

^ /,. an^ew. Chem., 1890, p. 139; ‘lierl. />V/'.,-i8<>o, p. 440. .* 
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well-known formula 

273 X'> 

(where t denotes the temperature in o” C., b the height of the 
barometer in millimetres), what would be the volume of lOO c.c. 



Fio. 15. 


dry air under the existing atmospheric conditions. (This 
calculation can be abridged by using any of the above- 
mentioned tables, if they are at hand.) Suppose 1—20°, 
i —750 mm. In this case 100 c.c. of dry air would occupy 
the volume ip8'8 c.c. We now move B and C so that, tap f 
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being open, the level of the mercury in B is at io8-8, whilst 
the mercury in C is, of course, at,the same level. Previously 
to this we have introduced a drop of strong sulphuric acid 
into B, but not sufficient to readli over the meniscus of the 
quicksilver, which would be an impediment to, taking the 
readings ; this is done because gases have afterwards to be 
measured in ^le dry state. (In the more frequent case in 
which this instrument is employed for measuring moist ga.ses, 
Wi lieu of sulphuric acid a drop of water is introduced into B, 
and the calculation is made by deducting from the barometric 
pressure the tension of aqueous vapour corresponding to the 
existing temperature.) Now tap f is closed, and is secured 
so that no air can enter or escape through it. In lieu of this 
tap a capillary tube may be provided which is sealed by a 
small flame, after having put a perforated piece of asbestos 
cardboard over the top of tube B, to prevent its temperature 
rising during the sealing-operation. The best way of closing 
tube B is by means of a mercury-sealed tap, as de.scribed by 
Lunge.* 

It is quite evident that every time level-tube C is raised 
so that the mercury in B rises to the point i oo, the air within 
B is compressed to the volume it would occupy at o’ and 760 
mm. independent of the temperature and barometric pressure 
actually existing. Now .suppo.se we l^ive evolved or carried 
over into tube A a certain volume of gas, and we adjust the 
position of the three tubes so that the mercury in B stands at 
100°, and that in A exactly at the same level, it is evident 
that the gas in A is under the same pnessure as in B ; and, 
supposing its temperature to be the sa;«e (which will be the 
case if the two tubps are close together), the gas in A (equally 
with that in B) will be compressed to the volume it would 
occupy at 0° and 760 mm. barometric pressure. The reading 
taken in A thus yields at once the corrected volumq without 
the need for looking at a thermometer or barometer or using 
any calculations or tables. ^ 

Tube A might be, an ordinary nitrometer; but it is far 
preferable to use it only as a measuring-tube, and thus to 
keep it always clean and dry, whilst the nitrometric operation 
proper is carried out in the auxiliary “ agitating-vessel ” E.* 
* Ber., 1892, p. 3158., ' • 
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This is a non-graduated vessel, holding loo to 150 c.c., and 
connected by a strong rubbcy tube with the level-tube F. The 
vessel E bears at the top the usual three-way tap and cup c. 
The side-tube a can be closed by a small ground-on cap, b, or 
else by an iadiarubbcr cap. Before commencing the analytical 
operation, the tube F is raised .so that the mercury just issues 
out of a ; cap b is now put on and tap c is cloccd. Now the 
nitrous vitriol (or solution of nitrate of soda) is introduced 
through c, by carefully lowering F, so that only the liquid, buf 
no air, enters into E ; strong sulphuric acid follows, to rinse 
out cup c ; the tap is jiow entirely closed, and E is violently 
shaken till the decomposition is complete and no more NO 
is given off. The cap b prevents the mercury in lube a from 
being thrown out in the shaking. The instrument is allowed 
to cool down, and is then put in the position shown in the 
diagram, so that the small tubes a and d arc on the same 
level. Previously a short piece of indiarubber tube has been 
slipped over r/, and by raising C the mercury has been forced 
right to the end of d. Now cap b is taken off, and a is intro¬ 
duced into the short rubber tube, till the glass tubes a and d 
touch. Now tube C is lowered and F raised (as shown in the 
diagram), and tap c is cautiously opened {e having been left 
open before). The gas will thus be transferred from P' into A; 
at the moment when t,hc sulphuric acid has entered into the 
bore of r, but before it has got inside of A, tap e is closed. 
Now the reading is taken as described above ; the apparatus 
hll'' may be detached at any time and cleaned as occasion 


requires. < 

The readings of the volume of NO taken in tube A may 
'be converted into grams of NjOj or NaNQj, etc., by means of 
the table mentioned on p. 294. If nitrate of .soda has to 
be analysed, each cubic centimetre will indicate 3-7986 mg. 
NaNOj j hence, if 0-3799 gram of nitrate were employed for 
the test, the number of cubic centimetres of NO would at once 


indicate the percentage of NaNO«. In the case of nitron' 
vitriol the quantity will/usually not be weighed, but 
by means of a pipette, and the results obtained must 
divided by the specific gravity of the acid, to reduce f-' 
weight percentage. If the acid is near 140° T-‘d 
unnecessary ; for in this dase a i c.c. pipette will tb'V-i 
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"ram acid, and as each cubic centimetre of NO indicates o-ooi/ 
NjOg, this means that the number,of cubic centimetres read off 
is exactly = tenths of a per cent, of N^Og by weight of the 
nitrous vitriol. , 

Japp * showed that by suitably placing the “ rccjiiclion-tubc ” 
of the gas-volumeter, the readings can be made in such manner 
that they indicate immediately the weight of the gas in 
questiofi. If, e,g., in a cylindrical reduction-tube the point 
is taken as unit, the gases must be compressed to 25-0, in 
order to be reduced to 0“ and 760 mm. picssure. Since i c.c. 
nitrogen under these circumstances weighs 0-0012505 gram, 
25 c.c. mean o-oo 1 2505 x 25 = 0-03 126 gram. If, before 
reading off, the reduction-tube is placed at 31-3 c.c, each 
cubic centimetre in the measuring-tube will immediately indi¬ 
cate I mg. nitrogen. 

Lunge has shown “ that this procedure, owing to the 
employment of the small quantity of 25 c.c., has not a sufficient 
degree of accuracy. But Japp’s proposal can be carried out 
more accurately, if an ordinary reduction-tube, divided from 
90 to 150 c.c., is used and placed at 100. If in the measur¬ 
ing-tube the cubic centimetres read off aic to indicate 
milligrams, the mercury in the reduction-tube must be placed 
at 100 times the litre weight of the gas in question, eg. for 
nitric oxide at 134-02. But Japp’.** proposal, even in this 
improved shape, rarely has an advantage over that made by 
Lunge, viz. einploying for the test such a weight of the 
substance that, on placing the reduction-tube at too, the 
readings of the measuring - tube indi-jate immediately the 
percentage sought. ,> 

Later on, oth^r authors constructed apparatus by which 
gases can be measured without the aid of- a thermometer and 
barometer, eg. Hempel,® Bleier,* and Bodliindcr.'' The baro- 
thcrmoscope of Salomon “ is rather tbo coinplipated for 
practical use. • , 

Planchon ’’ describes a^modification of the nitrometer. Which 
he calls “ manonitronjeter.” t 

» 

I y. Soe. Chem. Ind., 1891, 59, 894. a Her., 1892, p. 3162. 

a Z. angew. Chem., 1894, p. 92. Uer., 1897, p. 2733 ; 1898, p. 236. 
a Z. angeiv. Chem., 1895, p. 49. ® ^bid., 1893, p. 376 ; 1894, p. 686! 

^ Ann. Chim. ana!., 1915, p. 189; J. Soc. Chem. Ind., 1915, p. 1-031. 



300 TECHNICALLY EMPLOYED OXIDES OF SULPHUR 


Estimatiou of Nitious Acid or Nitroso-sulphuric Acid in the 
'‘Nitrous Vitriol" from the Qay-Lussac Tower. —Among all the 
analytical methods founded upon the oxidation of nitrous 
acid, the most convenient and accurate is that employing 
potassium per'iianganatc. Even for scientific purposes we do not 
possess a more accurate method for estimating nitrous acid in an 
acid solution than this, if other oxidisable bodie.v be absent. 

Nitric oxide is oxidised by this reagent, according to this 
equation ; 

loNO + 6KMnO^ + glL.SO^ = 10HNO3 + sK^.SO, + 6MnS04 + 411.^0. 
Accordingly each cubic centimetre of the seminormal solution 
of permanganate corresponds to 0-005 gram NO. Thus, on the 
one hand, nitric oxide can be estimated quantitatively by this 
reagent; on the other hand, the nitric oxide would make the 
estimation of nitrous acid inaccurate if it were present at the 
same time, which, fortunately, is not the case in sulphuric acid 
to an appreciable extent. 

Nitrous acid itself is oxidised by permanganate, according to 
the equation : 

5N2O3 + 4KMnO^ + 6H2S0^= 10IINO3 + aKjSOj 4 4MnSO^ + II^O. 

Here every cubic centimetre of seminormal permanganate 
solution corresponds to 0-009502 gram NjOj. 

The process forme.-'ly in use, where the permanganate 
solution was run into the nitrous vitriol, has been shown to 
be quite inaccurate by Lunge’s investigations (owing to the 
formation of NO and HNO 3 ), and has been replaced by the 
following ;—The permanganate is not run into the acid, but, on 
the contrary, a certain '.olume of permanganate solution is taken, 
and the nitrous vitriol is run in from a burette, slowly and with 
constant shaking, till'the liquid is just decolorised. In the cold 
this takes some time, since the very dilute solution of perman¬ 
ganate is no longer 'acted upon instantaneously. This loss of 
time can be avoided by working at’ 30° to 40°, but no higher. 
When working with concentrated sulphuric acid, this tempera¬ 
ture is attained through tkfe heat of dilution ; otherwise the per¬ 
manganate solution is heated up beforehand. If .seminormal 
solution is employed, it is diluted with about 100 c.c. of tepid 
water. Sometimes a brown precipitate (of hydrated manganese 
peroxide) is formed in the’ operation ; but this dissolves later 
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on, and the final result is quite as correct in these as in any 
other cases. » 

In testing chamber-acid, at most 5 c.c. of scminormal 
permanganate should be employod ; otherwise the quantity of 
sulphuric acid required for decolorising it will be inconveniently 
large. For proper “ nitrous vitriol ” from the Gay-Lussac tower 
up to 50 c.c. pajmanganate may be taken. If the number of cubic 
centimetres of permanganate is called .v, and that of the acid 
Required for decolorising it j>, the quantity of NjOj present in 

grammes per litre of acid is ? S02-1 

y 

calculated as IlNOT = il--™, 

21-258.1- 

or as NaNO,= — • 

3 y 

A table given in Lunge’s Tedmkal Chemists' Handbook, 1916, 
p. 136, saves the calculation in all cases in which x— SO. 

In the presence of other oxidisable substances, such as 
sulphurous acid, ferrous salts, organic substances, etc., all 
oxidation methods are of course inexact—whether the bleach- 
ing-powder, or the bichromate, or the permanganate process. 
Generally those impurities are too insignificant to do any 
harm ; and, especially where large quar^tities of nitrous acid are 
present, as in the nitrous vitriol from the Gay-Lussac towers, 
the permanganate process is quite .sufficient for the purpose of 
checking the course of manufacture. Of the oxidisable sub¬ 
stances only arsenious acid sometimer> occurs in sufficient 
quantities to affect the results sensibly, >but to a small extent 
only, in nitrous vitriol, where it is mostly changed into arsenic 
acid. 

Minute quantities of nitrogen acids cannot be quantitatively 
estimated by the above methods, but the colorimetric s^stimation 
of slight quantities of nitrous acuC can, be performed by 
Griess’s reagent, modified as follows :—o-1 gram white a-fiaph- 
thylamine is dissolved by boiling in ipo c.c. water for a quarter 
of an hour ; then 5 c.c. glacial acetic acid (or its equivalent in 
ordinary acetic acid) and a solution of i gram sulphanilic acid 
in too c.c. water are added. The^solution is kept in a well- 
1 G. Lunge, Z. angevj. Ckem., i?94, p- 348. 
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stoppered bottle ; if it turns pink it is decolorised by shaking 
with zinc-dust and filterings A very slight colour does not 
interfere with its use, as only i c.c. is employed for 50 c.c. of 
the solution to be tested, ©ne c.c. of the reagent indicates 
Tf/00 nitrogen in too c.c. water by turning the 

water pink in ten minutes. Strong mineral acids retard or 
stop the reaction, but this can be remedied by'adding a large 
excess of pure sodium acetate. 

For quantitative use a standard solution is prepared a? 
follows:—0-0493 gram pure sodium nitrite, containing o-oio 
gram nitrogen, is dissolved in 100 c.c. water, and 10 c.c. of this 
solution is added drop by drop to 90 c.c. pure sulphuric acid ; 
the resulting mixture contains y f mg. of nitrous nitrogen in a 
perfectly stable form. Two colorimeter cylinders are charged 
as follows :—Each of them receives i c.c. of the Griess-Lunge 
reagent, 40 c.c. of water, and about 5 grams of solid .sodium 
acetate. To one of these is added i c.c. of the standard 
solution, to the other I c.c. of the acid to be tested. The 
contents of each cylinder are at once thoroughly mixed, and 
after five or ten minutes the colours are compared. If they do 
not correspond, the more strongly coloured liquid is diluted up 
to the point where layers of equal thickness show the same 
depth of colour in both solutions, and the percentage of nitrous 
nitrogen is calculated from the amount of dilution. 

Very minute quantities of nitric acid are best estimated 
by the colorimetric brucine process} the principle of which 
consists of comparing the yellow colour obtained by heating 
to about 70’ with bPucine with a standard solution of nitric 
acid. As a rule, nil'Uc acid is not estimated by itself in 
sulphuric acid, but indirectly, by estimating the total nitrogen 
acids by means of 'the nitrometer (p. 292) and deducting the 
nitrous acid found by the permanganate method (p. 300). 

Finch ^ discusses the volumetric methods for estimating 
sulphuric, nitric, and nitrous acid in mixed acids for nitrating 
purposes, and in the waste acids pro.duced in those operations. 

The detection and estimation of smal’ quantities of nitrous 
acid is described by E. Holl Miller.* ' 

’ G. Lunge, Z. angtio. Chun., 1894, p. 347. 

* Z. / Schiess-u. Uprengs/offiocsen, 1912, 7, 113 and 337. 

* Analyst, 37, p. 345 ; J. Chem. Sac., 1912, 2, 992. 
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A solution is prepared containing 8 grains of dimethyl- 
aniline and 4 grams of hydrochlorir acid per too c.c., and also 
a solution of sodium nitrite representing i part of nitrous acid 
per 100,000. The estimation is ■<[:)erformed in Nessler tubes 
or a colorimeter. Fifty c.c. of the solution under -examination 
are acidified with I drop of hydrochloric acid, and, after 
adding 5 drop* of the dimethylaniline solution, allowed to 
remain for fifteen minute.s, or longer if necessari'. The yellow 
dblour is then matched in the usual manner against the standard 
solution, which is acidified with l drop of acid and mixed with 
3 drops of the reagent. Nitrates do not interfere. 

Three Nitrogen Acids occurring together. —NjOg, N2O4, and 
IINO3 in a mixture of all three acids absorbed by sulphuric 
acid can be derived from the results of the permanganate 
titration, combined with estimation of the total nitrogen as NO 
in the nitrometer, by the following formula;:— 

(I—-c.c. NO, found in the nitrometer. 

b—-c.c. O, calculated from the permanganate titiation i c.c. O 
-- 1-429 mg. ; therefore, i c.c. seminormal pernninganate 
= 0.004 i;ram = 2.798 c.c. oxygen. 

.r=vol. NO, corresponding to the N., 0 , present in the mi.xture. 

y~ 11 11 11 ^'2^4 11 11 

"11 11 11 llNOy „ ,, 

If 4/4 > a, the amounts sought are :— ^ 

.f = 4/4 - a. 

/ = 2(a - b) or = a - .r. 

If 4A < a, the amounts arer— 

/ = 4f4 

;• = a - 4/5. , 

That means : if the oxygen is .sufficient for assuming all 
nitrogen acids to consist of N2O4, they arc calculated as such ; 
if more oxygen is present, the excess is calculated as HNO3 ; 
if less oxygen is present, the e.xcess is calculated as N^Oj. In 
reality the ordinary nitrous vitriols do not centain any nitrogen 
peroxide, .so that it is best to calculate the whole consumption 
of oxygen found by the permanganate titration as NjOj or 
nitroso-sulphuric acid, and the remainder of the nitrogen as 
HNO3. 

In Lunge-Keane’s Technical Medtods of Chemical Analysis,’ 
vol. i., p. 345, and in Lunge’s Technical Chemists' Handbook, 
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2nd edition, p. 14, tables are given showing the amounts of 
milligrams of N, NO, N^Oj.fHNOs, and NaNOs corresponding 
to I to 9 c.c. NO. 

Analysis of Mixtures of Sulphuric and Nitric Acid as employed 
for Nitrating Processes. —Lunge and Berl * perform this as 
follows:— 

1. The total acidity is found by titrating fe gram weighed 

off in a “ bulb-tap ” pipette with normal caustic-soda 
solution, employing methyl-orange as indicator, bift 

. adding this only at the close of the operation, or 
renewing it when destroyed. Or else a known volume 
of standard soda is added, the methyl-orange is then 
added, and the excess of soda found with normal acid. 

2. The nitrous acid (or nitrogen peroxide) is found as 

de.scribed on p. 300, viz. running the mixed acids 
slowly into a measured volume of seminormal per¬ 
manganate solution of which i c.c. indicates 0'023(X)5 
gram N^Oi. 

3. The total nitrogen acids are found by means of the 

nitrometer as described on pp. 291 rf seq. From the N 0 
found is deducted the amount corresponding to NjO^, 
as ascertained under No. 2 ; the remainder is = HN03. 

4. The sulphuric acid is found by deducting the nitrogen 

acids as found jindcr No. 3 from the total acidity found 
in No. I. 

Another process for the analysis of acid mixtures for 
nitrating processes and of waste acids is described by Finch.® 
He adds to the acid iiiixture an excess of precipitated barium 
carbonate, boils for f.ne minutes, washes the mixed precipitate 
of barium sulphate and carbonate, boils the filtrate with 
standard sodium carbonate solution, washes the precipitate until 
neutral, and titrates the sodium carbonate still present. He 
thus fin(^s the nitrit acid, from which the nitrous acid found by 
the permanganate (titration must be deducted. The amount of 
total nitrogen found by the nitrorqeter is rather higher than 
that found by this method, probably owing to the presence of 
esters of glycerin-nitrates. 

' angew. Chem., 1905, p. 1681. 

^ Z. f. Schiess- u, Sprengftoffwesen, 1^12, p. 113; Cliem. Zenir,, 

1912, I, 1862. ■ 
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lJusvold' states that sometimes erroneous results are 
obtained by Lunge's permanganate i method. This is not the 
fault of the method itself, but of the fact that the permanganate 
solution employed in those casc.« contained finely divided 
particles of manganese dioxide. He therefore controls the 
results by his silver bromate method described in Chem. Zeit., 
1914,38,28. 

Rasetfig ^ recommends for the titration of nitrous vitriol and 
oft nitrite the process of Volhard, in which permanganate solu¬ 
tion is added in excess (about 20 per cent.), then after two 
minutes a solution of potassium iodide, and after a few minutes 
the free iodine formed is titrated with thiosulphate solution. 
This method is right in principle, but its drawbacks are the 
necessity of employing several standard solutions, and the use 
of expensive potassium iodide.® 

Rupp'* oxidises the solution of nitrites (which must not 
contain upwards of i per cent.) by an excess of permanganate 
solution, with heating, dilutes with water after cooling, acidulates 
with sulphuric acid, and determines the e.xcess of permanganate 
by Volhard’s method. 

B. S. Davison ^ employs the iodometric method, previously 
driving out the air by carbon dioxide. 

' Chem. Zeit., 1915, p. 214. 

- Z. Chem., 1905, p. 1286; Ber., 19^5, 38, 3911. 

^ Cf. Lunge and lied, an^civ. Chem., 1906, 19, 809. 

■* Z. anal. Chem., 1906, p. 687. 

J. Amer. Chem. Soc.^, 1916, 38, 1683. 



CHAPTER II 

THE RAW MATERIAI,S OF THE SULPHURIC ACID 
MANUFACTURE 

, I. Sulphur (Brimstone). 

Brimstone, owing to its being found in nature in the free 
state, has been known to mankind since ancient times. The 
Romans evidently obtained it in the same way as is done now, 
by melting it out of its mixture with marl, etc. 

, Properties of Sulphur. 

Sulphur is an element having an atomic weight of 32 065 
(oxygen = 1*6), Richards and Hoover.' It is very brittle, its 
hardness is from i'5 to 2*5 of the ordinary mineralogical scale ; 
its specific gravity is 2•0748. ^ As u.sually occurring, it is 
semi-transparent at the edges and of the well-known Dright 
yellow cgjour; at — 50 it,is nearly devoid of colour. Its 
•taste and smell are very slij^it. It is a bad conductor of 
electricity, but bec»mes electric by friction, and is therefore 
difficult to powder finely, as it «dhcre» to the mortar andjjg^tle. 

Solubility. —The behaviour of sulphur to water ftid aqueous 
solutions of acids and salfs, in which “colloidal ’’ sulphur is 
soluble to .some extent has been studied by several chsmists, 
among whyn we gaetition Rufftind €raf.- 
• Undereordina^y circumstRnceseulplftir is insoluble in water, 
very slightly solifble ki alcohol *or in glycerine, a little more so 
in essential oil*. * • * , 

• • • 

J. Amer.^Ch^m. S»c,, 

% 1 *iyr., 1907, p.^41^9 ; Raffo, /. SocfChem. hid., 1908, |j. 747 ,• 

OAin,ibid.y I9ii,p. 941 ; I^fFo alid Mancini, 1910,2, 1129; 

1911, 2. 130J. • Cl* 
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• • • ^ 

. . . • .* ' 

' Volatiliift-w-Jones ^ states that* sulphty volatiJises very 
slowfy at 100° ?h the ajpsence of water, an'4 is subsequent!^’ 
deposited in aggregations of,octahedjjal crystals clongat(Sl so 
as to tippe^r needle-shaped, together with sroaller quantities of 
/3-sulphur w|||fh, however, remain transparent’ indefinitely. 
Even the purest forms of sulphur ^appear to possess sensible 
volatility at the ordinajy temperature since silver foil 
suspended over them becomes blackened, especially in the 
presence of water. 

Molecular Complexity. —The molecular complexity of liquid 
sulphur is given by Alexander Mitchell Kclla.s.'’* He states 
that sulphur has a greater molecular complexity in solptifln, 
and also throughout a considerable range of temperature in the 
gaseous condition, than any other clement, ks complexity in 
the liquid state would therefore see'm to be of special interest. 
Several years ago, he carried out the usual Ifecture experiment 
of preparing the plastic modification of sulphur, and drew the 
conclusion that viscosity could not be the cause of the failure 
to obtain definite results, as sulphur is quite mobile from its 
melting point at 115° up to about ibcC*, when an abrupt 
increase of viscosity occurs. This evidently gave a range of 
about 45° for the determination of the variation of molecular 
surface energy with temperature, which is larger than that 
generally used by Ramsay and Shields. * 

Preliminary experiments 'showed that it was ea.sy to get 
liquid sulphur to rise from 4 to 8 cm. in capillary tubes, 
but also—as was to be e>p?cted from such "flifficulties 
as those above mentioned—that it was jmpossible to obtain 
co ncor dant results. As^ how<^vcr, great viscosity—whi^h St 
thi??tage *vas regarded as an almost nisupcrable factor-^was 
evidently not the ^ause of the discrepancies observed, the 
author started ^ series of e.xperiments in ordor to determine 
the actual disturbing ag,ents,,and, affe% grtat dififiowlty, was 
able to devise a couf.se o^ procedure wnich alTbws of th^ 
determination of the surface tension gf sulphflr at afly tempera¬ 
ture from its mclting-poiat to its boihng-poii^t (that is, from 
.115° to*^45*). • ^ 

When *6uJ^litir ii jnelted it ^forifls a ‘mobile, ,lialit bro^wn 

' Mem. Manchester PhiUSof., I9f2, ^6, No. xiv.,*-c 
Chem. Soc., December 1918, bi^oos«ooo. • 
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liquid. Oh raising the temperature the liquid lyoDmes viscous, 
‘so much so, indeed, that the vessel coi^taining ft can be inserted 
witHout spilling the co'itents. /\t a still higher temperature 
it again becomes, mobile, changing to a deep brdwn colour. 
On cooling, these changes are reversed. ^ ^ 

If viscous sulphur be poured into water it hardens to a 
substance resembling india-rubberq this form, if kept for ^me 
hours, falls ii\to minute octahedral crystals. Von VVeimarn' 
prepared an elastic sulphur by heating ordinary sulphur at 
above 400° and pouring it in a thin stream into liquid air, 
the sulphur being obtained in the form of a thin thread of a 
^ameter «f 0-5-1 mm. When removed from the liquid air 
this thread was quite hard and brittle, but when the tempera¬ 
ture was raised .somewhat it assumed extraordinary elasticity. 
The sulphur had a polished surface, and appeared pale grey 
in reflected light; being completely trans|)arent and without 
sign of opalescence. The elasticity was lost in about half an 
hour after the thread was removed from the liquid air, the 
sulphur then becoming plastic and remaining so for twenty- 
four hours. 

According to T. Iredale,'^ clastic sulphur is prepared by 
treating powdered sodium thiosulphate with one-half its weight 
of concentrated nitric acid, and, after the reaction is complete, 
addirtg water and washing the product. A yellow tran.jparent 
mass is obtained which, after distension to four times its 
length, will regain its original form. Cooling to 0° makes 
it opaqu<f‘and brittle, but hcStiijg in water at 100“ reproduces 
the clastic characteristics. After twenty-four hours, it passes 
fomgletely into the crystalline form. *• 

Soiling-point. —Chappuis ^ 3 ctcrmmed the boilisg-prjWf of 
sidphur at normal pressur*’ at constant volume, which was 
found to be 444-60 en the thermodynamic scale. ^ 

Muelier and Burgi's’s do H,ot ag rcc with the above, and 
jtate that ^he b<Jiling-poiry; ‘of ^jurc .sulphur is 421-73 at 
760 mm. jJressurl ^ ^ • 

* /. Russ. Pkj^. Chem. Soc., 1910, 42^ 474-176 ; V. Chm. Soc., 1910, 

2,603. « • 

^ Kolloid-Zeits^ 1921, 28,•126-12;^ J. Soc. Ckem. l/id^ IgA, p. 258A. 

^ Jiur. JnSFouls el Mes.',' 1917? Man» 16, (#44 ; J. Chem. Soc., 1920, •' 
8 , 3SS-307. * J * • * 

* J. A^ner. Chem. <'er.,^9^9, 41, 745-763. 
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• * * .* * * , 

Callendart^d Moss* give the fcoiling-point 444-53, 
and Eumorph»piflos^ as .|44-5 5'. ♦ 

Heat of Combuttion .—Sulphur bur^s with a purplish-T)lue 
flame.* In*forming>sulpfiur dioxide it gives*out the following 

heat units :—. • 

• •• 

S flfhombic) + 02 = .SO,, = 71,080 F.ivre & Silberman. 

•S „ +0^ = 80^69,300 Berthelot. 

S (Monoclinic) + Oj^ SO„= 71,720 Thomsen. 

(In calories applied to 32 grams of sulphur.) 

The specific heat of sulphur at 0“ is :— 

Rhombic S -166 (Thomsen) 

Monoclinic S • 174 do. 

Vapour and Vapour Pressure.—fWAt 9 ,on ^ 'states that the 
phosphorescent glow which is exhibited b^ sulphur under 
certain conditions is readily obtained when a current of air is 
passed over it heated to a temperature below its ignition point, 
and then through a tube which is maintained at an appreciably 
lower temperature. Under these conditions, the air becomes 
charged with sulphur vapour, which separates out in the form 
of a cloud of very small particles when the temperature falls. 
The oxidation qf this finely divided sulphur is the Cause of the 
phosphorescence. There is no evidence of the formation of 
any o»de other than sulphur dioxide at any stage of the 
proce^. 

Researches on this point have ^Iso been made by Herrmann, 
Baker, Moissan and Block.* Al: a recent meeting of tTie Royal 
Socie^, a paper on the subject of the constitution of sulphur 
vapjy^was communicated*by Si» James pobbie and J. J. Ijox.^ 
Investigations based on the determination of the vapour 
density, said the autfiors, leave un.^ttled the question of the 
existewee of the sulphur molecules intcj-m 5 diate^n complexity 
between and S^. Tlie paper contants ^*n accgiliit of an 

attempt to solve the j^oblen by the study of the absorptive* 

• • * * 

* /’toc. Pay. Sae., 4909, A 83* 106-108 ; Soc^ 1910, 2, 28. 

, ^ Proc.^oy. ^oc., fSg. 

“ Chem^Neiv^, yi8, 1^7-188; J.iChem. I4913, 2, 946. 

» ■* Comptes*rend., I909,*pp. 148 and 782.; Ann. CfiimT Pltys., iQfcl, 

22, 46^. . • * * * • • • 

^ade J., 1919, p. 209. 



,12 MATERIALS ;OF 60LPHURIC ACID MANUFACTURr , 

power of. the valour of'^sulphur for light un^Jer various con- 
'■ditions of temperature. ^ * » ' 

'The vapour pressutie of sulphur at terwperatures below its 
boiling-point have been studied by’ Matthies,' ft’. Gruener,^ 
later by the tame chemist,* Ruff and Graf.^ According to the 
last-mentioned chemists, the vapour pressure of sulphur is :— 


^ C. '78 104 

'^35 

I8I 

245 

«• 

m?i. 0-002 0-01 

01 

I 

10 


Further determin;\tions given by Ruff, Matthies, and Bodenstein 

are as follows ;— 





°.C. ^ 49:7 1309 21 1-3 

306-5 

374 

427 

444-6 

mm. -00034 -081 3-14 

53-5 

240 

580 

760 


The vapourcpressure over the range 700 mm. to 800 mm. 
has been redetermined by IVIuellcr and Rurgess,* and from these 
values an equation for calculating the boiling-point at various 
pressures is deduced. This has the form / = 444-6o-f 0-0910 
(/ —760) —0-000049 (/ —760)*. A rdsumd of the conditions 
to be observed in determining the boiling-point of sulphur for 
standardisation purposes is appended to the paper. 


Colloidal Sulphur. . 

Sulphur is a typical allocolloid. The soft, plastic, trans¬ 
lucent to ‘ transparent form of*sulphur, obtained by*fooling 
rapidly, has long been called colloid or “ colloidally amorphous.” 

A colloidal form of sulpllur,is obtained by adding a solution 
of sodium thiosulphate to cold sulphuric acid. The liquid is 
•then diluted, heate'd, and filtered through glass wool* The 
resdlt is that a thick* cloudy*yellovv mass is lcft,^whic 4 <;*tipon 
the application of warmth,^becomes quite clear and tran.sparent, 
Sut, as it cools agapi, becomes turbid. * • 

In tfgard to. tho. tonditions which are favourable to the 
^formation fjf colloidal sulphur, the mos^t important fact appears 

1 Phys.^Zt^ch., 7, 39i- # * « * 

2 Science, t9^5, p. 74; Z . angew. Ckem., IJ)05, p. 107. 

^ In J. Amer. Chtm. Soc., 1907, pp. 1396-1^402; *Z, a%^rg. Chetit., 
56, itt 5 -i 52 . < . * . . . « 

• * BerP ^r.,*i()oy, pp. 4i9g-.^205. , 

* *'J. Amer. Cketn. j 919; 41, 745-763; /. Chem. Soc., 1^19, 2, 

446. • • 
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to be a high tojacentration of the sutfttance.« Expet-knents on 
the interactiorf of 3N-.so^ium thiosulphate with concentrated* 
sulphuric acid, at temperature* betweeij* — 5° and 35° are Said 
to shoe^ a ffiaximum yield of colloidal sulphur at 25°. 

Colloidal ^phur can be produced by the decomposition of 
sulphur chToride by water, or by the^action of sulphur dioxide 
on hydrogen sulphide; the sijpphur does not separate, but remains 
in the state of “pseudo-solution” in the watei*; it can be 
precipitated on addition of salts such as calcium chloride. 

Rudolph Auerbach' states that colloidal Sulphur is capable 
of exhibiting various colours depending on the degree of dis¬ 
persion. The colour changes can be shown by adciing ^as-, 
phoric acid to sodium thiosulphate solution, when first a weak 
turbidity appears, which is followed by a yell«wish-blue opal¬ 
escence, and then the colour observed by transmitted light 
passes slowly through yellow, green, red, violLt, and blue, and 
finally the sulphur is precipitated. The whole process occupies 
twenty minutes. The following quantities are recommended 
for demonstration of the process :—(i.) For demonstration 
in a test-glass: 10 c.c. of N/20-sodiun» thiosulphate are 
treated with 01 c.c. of phosphoric acid (D = 1-70) in 9-9 c.c. 
of water, (ii.) For demonstration by lantern projection on a 
white screen ; 15 c.c. of N/20-sodium thiosulphate solution are 
treatecl^with 01 c.c. of phosphoric acid (D = i-yo) in 4-5 c.c. 
of water. It follows, therefore, that disperse systems of 
dielectric substances can show polychromatic colours just in 
the same way as metallic dispetse*systems. * 

Sarason (Ger. Ps. 216824 and 21682^ prepares solutions 
of cofto idal sulphur by acidulayng solutions of thiosulpbate? 
in Jl^cerine, with addition of thickening substances,* e.g. 
gelatine. * ^ 

Tjje same ((?er. r. 242467) prepares •olloid«l sulphur (or 
selenium), soluble in watej, by ^ecompos^yjg SO^ witk^HjS (or 
SeO.^ with HjSe) in vqJatile^’solVepts not rSiscibleVith water, 
eg. catbon disulphide, beaizene, carbon tetracMoride.* 

The Aktiebolaget Koll<»id in Stockfiolm ( 1 ^. P. 7238 of 
1913 ; ft. P.*4 s 6(*58'^ passes a mixture of SO^-f H.^S through 
^ecinormal«a(^d,*and*^recipitates_ the‘colloidal auljjiiv formed 

Zeitsch., 1920, 27, 223-225 ; Soc., U921, 2, 40. 
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by the addition of sodiufti chloride; it may ba ifedissolved in 
‘a colloidal way. . , * « ‘ 

_f’uliu.s Meyer* prep,ares colloidal solutions of sulphur (or 
selenium) by dissolving ground sulphur (on seleniufn) irf a few 
cubic centimetres of hydrazin sulphate up to^ saturation, by 
shaking, and pouring a_^ few drops of the solution* rapidly 
shaking, into several litres of wat^r. In the case of sulphur 
this proceediug yields a solution which has at first a lemon- 
yellow, later on through formation of colloidal sulphur a 
yellowish-white cofbur, which is not very stable nor dialysable. 
Application of Colloidal Sulphur .—Lumiere and Seyewetz ^ 
ap,nl)i it for “toning” solutions of silver bromide for photo¬ 
graphic purposes. The photographs are soaked in a solution 
of 125 grams “fixing soda” in i litre water, to which had been 
added 250 c.c 50-pcr-cent. dextrine solution and, shortly before 
use, 50 c.c. hydi’ochloric acid. The photographs remain in 
this solution for twenty to twenty-five minutes, and are then 
washed for one and a half hours, whereby the toning process is 
completed. In this treatment the white places remain quite 
intact. . 


Allotropic Plodifications. 

In tjie allotropy of sulphur, there are two or more solid 
phasbs, the rhombic “ a ” and the monoclinic “ / 9 ,” J)csides 
several in the liquid phase. If sulphur be allowed to crystallise 
from fusion, or slowly from a solution of sulphur in CS^, it 
assumes “S monoclinic form*o£ long prisms. These crystals, 
however, change spontaneously at the ordinary temperature, 
Snd joon fall into minute rhoi^bic ocUhedra. • 

"the monoclinic crystals are brownish yellow arid o'f'S sp. 
g|^. i-pSe. The native or natural sulphur^xists in the rhombic 
form. Besidas thc« better-known forms ju^t mentioned, a 
nacreous* •form cJf ■yilphur can, be obtained by heating 
gulphur to^so'’, tfien coolii^'it ^ go\ and the crystals initi¬ 
ated by rlibbing*. the insid* of, the t*be with a glass rod, the 
sulphur cryst^lising in lustrous needles. •A comparatively 
mobile and stable sulphur S\ of bright ynllow coloiA" can be 
ol^tained «b> h4atin^ su|f>hur, in the pyr*e fcftnf above 160°, 

1 DcrLlioX i9<*3, FW 3089 - 
. ^ Bull. franc. Min.., 1912 , P- 375. 
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which is soluble in carbon bisulphide. \^hen tWs soluble 
sulphar (S\) js •exposec^ to light, it changes slowly into* 
insoluble sulphur, tbc rate of ^change ^pending on a nunTber 
of factors, 9wch as the temperature, rate of s1:irring, nature of 
solvent, extcn| of surface exposed to light, etc.•(Aten *). A 
viscous a8(t darlc sulphur Sfj. which has the property of being 
dissolved in SX is also knowi^but is in itself»insolublc in carbon 
bisulphide. , 

For each of these modifications there is a freezing-point 
curve, depending on the relative proportions*of S\ and S/x in 
the liquid with which the respective solids are in equilibrium. 
The respective freezing-points when no S/z is paesent^^e^ 
known as “ ideal ” freezing - points, and are obtained by 
extrapolation. , 

Solid Sulphur. Xatmal Fnuvin^-poiiit. ItUvil Freezing-point, 

Su 11 4-6° (3-6 per cent. .S/j, amorphous) * 119-3° (Smith 

S/? 110-2° (3-4 per cent. .S/i) 112-8° and 

Sy 103-4° ( 3 '* per rent. S/r) lo 6 - 8 ° Carson.) 

When a strong solution of hydrochloric acid at 0° is 
added to a cold solution of sodium thiasulphate and the 
solution shaken with toluene, crystallises out after a short 
time, the colour being orange-yellow. These crystals are fairly 
stable in the dark whilst in the .solid state, but when,in the 
liquid state in the presence of light they rapidly cljange Into 
S/z and SX. * 

Sulphur of a strong yellow colour Stt is obtained by 
warming solutions of ^SX in sujpliur chloride. This^form of 
sulphur is stable in the dark. , 

Otl*er information upon thes^ modifications of sulphur.are* . 
dealt^^th various Journals, and the reader is referred to the 
following:— ^ ^ 

Beckmann, Paul, and Lieschc (Z. ano{^*Cheiit., 1918, 103, 
189-206). • •. • j 

Smits and De Leemo {froc. ic. Wetens^h., Agjsterdam, * 

1911,14,461-468).* • * • . * 

Gaubert {Comtes *rend», 191^, 162, 554; /. S'dt. Chem. Ind., 

' 191^ p. 6oo).* , • . . 

fcSeott i^hevt'. Trake J., *9i9„p. 443). • 

' Z. physik. Chem.^ > 9 ’ 3 > ^^*4424 
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Allen {Z^'physik.'fhem., {912, p. 257). ^ j 

iLecuw (/. Chen'i. Soc, Abstr., 1913, ii. p. 40)/ , < 

^ * 

The “ dynamif allolilopy ” sulphur is treated by Kruyt 
{Z. physik. Chcvt., i'9o8, pp. 513-561); ‘the chaligcs'in the 
viscosity of** liquid” sulphur by Protinjanz 1908, pp. 

609-621) ; colloidal sulphur by Raffo (Z. C/tem. Ind. t. Colloide, 
1908, p. 358). ' N 

« 

Chemical Compounds of Sulphur. 

K 

Combination ivith Oxygen. —On heating in the presence of 
oxygen or gaseous mixtures containing it (air), sulphur in- 
flahits. According to Moissan,* solid or liquid sulphur inflames 
at ordinary atmospheric pressure in o.xygen at 282", in air at 
363°. A mixture of sulphur vapour and air inflames at 285“. 
If the air contains SO.,, the flaming-point is much higher ; with 
5 per cent. SO^ it is 445°, with 10 per cent. SO^, 465°. The 
slow combination of S with O commences at a much lower 
temperature; it is quite sensible at 100° within twelve hours, 
but goes on very slowly at ordinary temperatures. 

I'riedrich^ found the inflaming-point of sulphur in oxygen 
= 270°, in air = 348°. 

M'Crea'and Wilson® found the inflaming-.point of sulphur 
= 2,65*. 

Kastlc'and M'Hargue* foun^l that when sulphur burns in 
o.xygen at atmospheric pressure, about 2-73 per cent. Is con¬ 
verted iijio SO3; when burning in air, about 5-7 per cent, of the 
S forms SOj. The humidity'and the presence of CO^ have 
Jittle influence on the proportion of SO^ formed, but nitrogen 
act"?considerably, prol)ably as* a caraicr of 0 to SO^, e\^jjcntly 
being itself oxidised in the first instance. * • 

• Hydrogen combines tvith sulphur <very^ slightly at a 
temperature of ^20’^ ivery sensibly so at 200 . On toiling 
sulphur wijh watc/, hydrogen .stil^hiie is evolved and sulphuric 

*acid is foynd in^he re.sidue^® • * 

• • 

' Comptes rend., 190^, 1^7, 547. 

* C/tem. Cbl* 1909, 2, 3 [6. 

® C/tem. News, 95, ^69 ; ^96, 25.* 

4 ‘ Amir. S/teifl. J., 1907,38, 4(16-47 
* ^ "Cross ^nd Higgin,*/. ^/ten^ Sac., 35, 249 ; cf. also Colson, BuTT, 

Soc. chbn, (2), 34, 6 ^. - ' ‘ 
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»Vegeiable PhysiologicM Action. 

The action of ^ulphuf on the fungus {Otdtuvi Tuc/^ri) 
which cause^the gr^pe dkease, is, by Margillef ascribed to the 
sulphurous arnd sulphuric acid adhering to varicjus forms of 
sulphur. Till.? ^jxplains why the action of resublimed brim¬ 
stone in that respect is strongest,'whilst the ordinary de- 
scripfions of sublimed and ground brimstone contain only 
0-0I-0-02 per cent. H^SO^ and are less efficient. Marcille, 
therefore, recommends introducing gaseous SO^ into the con¬ 
densation chambers for sulphur intended to be employed 

against the Otdium. , _ 

The use of sulphur in connection with the grape disease is* 
the only important use of sulphur in agriculture, though many 
e.xperiments have been tried to determine its value as a 
fertilising agent. • 

It has been found that it can act as a useful addition to 
farmyard manure, but this beneficial action diminishes and 
eventually vanishes in the presence of a large amount of 
organic and mineral fertilisers. 

Statements in the literature regarding the effect of direct 
addition of sulphur to the soil are somewhat confliejing, and it 
is probable that, «vhile its action is beneficial with certain soils 
and certain crop,s, it is equally injurious in other cases.* k is 
unlikely that its use would i«rove advantageous orl an acid 
.soil or a soil on which liming was found to have a beneficial 
effect, and it is stated that on lig^it lands it has an iwjurious 
action on the growth* of cereals. On the other hand, the 
additic^i of small quantities of flowers of'sulphur to soil is< 
said J^improve the .yield*of su!h plants as carrots, harieftts, 
and potatoes. As this improvemc^it is more marked with 
ordinary soil than, wh(?n using sterilised matgrial, i^ would seen? 
that sefiphur acts, in part at least, by mo^ifyipg the develop¬ 
ment or activity of the baCteriaT Jlora, but' tfce genoral action 
in manuring is so slow fh^t it is d(7ubtful whether it<is of any 
economic advantage. Accordin|; to »eifiolonV the judicious 
use of .sul^hur«is adjaittageous, since it supplies ^he plant by 
bacterial •xidc^iqn ii> the soil* with s^ilphuric acid which is 
• • , . , * * . • 

’ Sciences, March 20, 1911,; aiem.feif., ion, Rep., p! 42^. 

Cqt/ipfs t^d., 156, 725 et seq. ‘ 
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(directly kssimilHlilc, and'this sulphuric acid, especially in non- 
calparcous soils,- facilitates the absorption of certain rftineral 
elements (potasl), iron'-oxide, akimina, ano even manganese) ; 
in addition, it -also facilitates the work of j^irifying and 
ammonifying bacteria, and thus places larg^;, quantities of 
nitrogen at the disposal qf the plant. s 

It has been thought that sulphur favours the development ‘ 
of the root nodules of leguminous plants. With a view to 
obtaining exact information on this point, Mr G. Nicolas* 
experimented on this subject in 1918 in Algiers, and in 1920 
at the Jardin des Plantes at Nancy with pea.s, Phaseolus Lathyrns 
and Lupinus albus grown in pots, to which sulphur was 
added in amounts corresponding to 100, 200, and 300 kilos 
per hectare. No very definite result was obtained, possibly on 
account of the high nitrogen-content of the substratum (garden 
soil). The experiments, however, showed that sulphur in suit¬ 
able amounts helps the carbonaceous nutrition of the plants. 
In amounts suited to each species (200 kg. per hectare for 
Phaseolus and 300 kg. for peas) sulphur favours the formation 
of starch and phoiosynthesis. Maze and Demolon have shown 
that sulphur is necessary for the development of chlorophyll, 
that its absence causes chlorosis. 

Spraying with a colloidal sulphur prepared, for example, 
by leading hydrogen sulphide and sulphur dioxide simultane¬ 
ously into a solution of glue is said to be particularly affective 
against Peronospora (Ger. Ps. 290610 and 290240, 1915). 

#v i 


11 '' Commercial Descriptions. 

The sulphur occurring in commerce, as refined sulphur, in 
oolls, or as rock - sulphUr, is frequency almost chemically 

Floislers of sulphur alwayo coniains some free sulphurous 
acid, ancj cannojt be completely peed !rom it even by washing 
for days with told.or^hdt w^ter. ’ If cotton is impregnated 
with sulphuc which has been ‘ precipitated from alkaline 
solutions, and then repeatydly dried' at i4o'’fi6o'’ and 

, ( 9 t * '■ c • 

' c ♦ , . ' 

COmptes rend., 171/, 8^-86 > ln{. Agr. Rev., April 1921. , According 
to Cliem. Trade J., 7922, 7u, 176. * 



19 * 


. USES OF SULPliull 

4 

■exposed to fti« air between these * operartons, it‘becomes, 
super^cially catboniscd. Che presence of a trace of sulplmric* 
acid in sulphur aJcclerates rtie formtftion pf further quan¬ 
tities.* • • ' ' • 

Uses —The burning of sulphur was a religious 

rite of tht ancients, who also employed it for its disinfecting 
propafties. * * 

In modern times, it is used for the above ptirposes, and 
for many others ; but we are concerned with its use for the 
manufacture of sulphuric acid. 

Sulphur is undoubtedly the most convenient raw material 
for this manufacture, and for a long time all the sulphuric aCltl • 
of commerce, apart from Nordhausen acid, was made from it, 
but it has been displaced to a gre^t extent “by iron-pyrites 
and zinc blende. 


A considerable quantity of sulphur is also consumed in the 
manufacture of sulphurous acid, principally in order to prepare 
bisulphite of lime for the manufacture of wood pulp. But the 
introduction of the pyrites process has been progressing 
rapidly, especially among Norwegian sulphite Vnills, since 1904, 
and it is reported that the greater number of mills arc now so 
equipped, and hence, normally, use pyrites instead of sulphur. 

Although some of the sulphur required for this purpose, is 
derived fjom the burning of sulphide ores, most of 4he pulp 
manufactured in U.S.A. is prepared by the agency of native 
.sulphur. 

Besides having insqlating qujrtitie.s, sulphur is inert towards 
most chemicals. As a cement, either alone or combined with 
PHrpo.ses» such as.the setting of brltk 
linings in acic* towers, in constructing large storage tank.s, and 
for paving floors. , • ’ ^ 

Wh%n melting large quantities of sulpjiur'for industrial use 
arecautions have to be taken, for unless fhe|materid*be well 
itirred, its temperature w»l inciease Rapidly so tjiat it becomes 
dscous, and may even take* fire, eepedalU. large open vessels 
)e used for the ijurffose., • , 


in ordd^ to overAme these objectionable features, steam- 
jcljeted pan? afe Tised t^th sj^eam.at about 30 1b. *pr%ssurf.» 

2^ 343 , 361 : Chcm'.Zeil, 

9 5 , 3 ?,^I-ep. no; /. Soc. C^em. Inti., 1915, (^'659.* ' . 
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.'Molten sulphur.cfcn also be conveyed a consiile^'able distance 
in ? pipe line having a steam pipe tlfreaded fhrdugh its centre. 

The tensile strengtlfc of sulphur-sand m'ixturcs are given by 
Wolf and Larison.* 

Fetc^nUige of 
sulphur by wpight. 

25 c 

40 

45 

50' 

100 

' Weight jjcr cub. ft. of the 40-60, 154 lb. 

Weight of sulphur required per cub. ft, 62 lb. 

Weight of sulphur required per cub. yard, 1670 lb. 

•Specific gravity, 2.46. 

Natural Occurrence of Sulphur. 

Sulphur occurs in nature in very large quantities, both in 
the free state and in combination with other bodies as sulphides 
and sulphates. Deposits of sulphur are forming at the present 
day, e.specially in volcanic countries, by decomposition of 
sulphuretted hydrogen and sulphur dioxide. But of far more 
importance are the beds of sulphur deposited in former 
geological periods. ‘ 

' In tljc United States practically all the native sulphur 
produced is mined by melting it with superheated wa^gr in the 
rocks in which it occurs and forcing it to the surface. Most of 
the sulphur produced by th'is .method is very nearly pure, being, 
in current commercial practice, guaranteed to be 99.5 per cent. 

. A fuller description of the method adopted in Louisiana is ' 
given infra. „ ^ 

,, In Sicily .—A very in.portant deposit is that in Sicily, and 
it is stated-in the U.S. Reps., February 2S, 1919, that there 
is a total po^sibld sulphur-pearing area of some 2,000,000 
square miles, on^ per cenf. 6nlj-^ havipg been explored. 

The* indus'try is threatened with a severe crisis due to 
American competition, says the Financier\ The Italian output 
(atinual) is about 300,000 tons, as conxrareif withs i ^ miljion 
»tons pfoiuetd in' America, and the iittrodtiction 6'f American 

I American Suli<hurk Atid Manufacture., 1921, p. w.* 
c Chem. 'Traeit 48, 13. 


TiiiiBile s/f/ngUyu 
lb. jier b<i. inch. . 

90 
310 
400 
310 
I 10 
250 
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Sulphur into • njarkets hitherto supplied bjf Sicil/ .is to be 
anticipated. In %idditiot^ the American industry possesses # 
much more up-to*-date equipment Ijian the Italian, wSich 
enablec it rj-extrsct th£ sulphur with greater economy. In 
the vast Aml^ican deposits, where the sulphur* is near the 
surface, 4*is extracted in the liquid state, and is purer than 
that^dug from the ground, ^s in Sicily. iThis method might 
be adopted in Sicily, but the American mines, o^ing to their 
proximity to oil wells, which facilitate the supply of aqueous 
steam, enjoy a natural advantage. The situation is further 
aggravated by the peculiar condition of Sicilian labour, and 
the relations between the industry and the owners of_ihe, 
soil. The Government is considering a bill which would 
reduce, in due proportion, profits and wages. , 

According to the Chemical Trade Journal vol. Ixxi. 
(1922), p. 761, the Italian e.xports of sulphfir declined from 
454,000 tons in 1903 to 293,000 in 1907, but advanced to 
324,000 tons in 1909, and were fairly stable at about 354,000 
tons annually from 1909 to 1913. Shipments were lower 
during the War. Production, which reachod a maximum of 
560,000 in 1905, averaged 398,000 tons from 1909 to 1913, 
fell as low as 208,000 tons in 1917, but advanced .to 280,000 
tons in 1921. * About 10 per cent, of the Italian produc¬ 
tion of sulphur is obtained from the mainland, but the bulTc of 
the output is in Sicily, where tfic sulphur-bearing belt extends 
about TOO miles, from Mount Etna on the east to Girgentl 
on the west.* ^ * • 

In United States. —The production of ^sulphur in U.S.A. 
was if] 1918 carried out b)r nine mines, one each, in* 
Louia^ltna, \^yoming, Colo*rado, and California, two in Nevada, 
and three in Texas. • ^ 

Some of these*deposits are of immense si«e, th« largest being 
probaSly that worked by the T^exas GiJlf Cc», which. »ontains 
upwards of 10 million |ons, j!nd‘iij 1920 produces approxi-, 
mately 1,000,000 tons. 

* Descriptions of the Sicilian tulphur industry are givqji by Jungfleisch . 
{Monit. Sc^nt., Igoqip. *511); in Chem. Trade 35, 92; by Bruhn 
{Chan. Ind^ g. 64), • • • « 

-.^Probably tSe most exhaustive description of»the modern It^ia*n su 
mdustrj m that given by Aichmo, Mtner(4 Iftdusiry^ 8^ 592, ana by 
Phelei, m ^§in. Res^ Unit Siates.^ 784.- - 
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Mining'operations b^an in 1919 and i^ile been con¬ 
tinuous ever since. The plant was dq^igned tfe liave a caj^acity 
of 1000 tons per day, ‘fcuit the Qutput can ‘be forced to three 
or four times that amount, using the presery: equic*Cicnt.V 

As a resillt of the drilling of deep test-hoj/s at Hoskins 
Mound, Texas, the Texas Co. has proved what is said to be 
one of the largest le-iown deposits ^f that product in the vvorld. 
The proposed plant will cost 5,000,000 dollars, and will be in 
operation by the end of 1922.^ 

The A/tit. AVj'. U.S., 1918, states that many of the 
Aleutian Islands, which stretch westward from Alaska 
.Paiiinsula' towards A.sia, bear deposits of sulphur of the type 
called solfatras. Sulphur claims have been located at three 
places.on thesa, islands, and on the peninsula, one of them 
in the crater of Makuhin Volcano, on Unalaska Island. The 
sulphur deposit "is the only part of the crater that is per¬ 
manently free from snow and ice, being kept so by subter¬ 
ranean heat, and by the discharge of hot sulphurous vapour. 
In this crater 10,000 to 15,000 tons of sulphur may be 
available for mining. 

Another deposit is on the Akun Island, 1300 to 1500 feet 
above sea^level. The sulphur-bearing area contains about 
1200 tons to the acre. The sulphur in thi.s deposit consists 
chiefly of crystalline incrustations, to thick, on the walls 
of narrow crevices and small cavHtics in the porous eartli^' zone. 

At other sulphur-producing deposits, the sulphur occurs, 
in part'’at least, at the surface, and is mined by stripping 
or by subsurface ^rifting. The ore is then taken to retorts 
'or furnaces, where it is heated^ so that the sulphur liquefies and 
runs out of the rocl<. It usually 'constitutes iq to ^ per 
^ent. of the ore, and, althrfugh the ore can be mined at these 
places rather* chcsply, the handling and further treatment 
required •to free* th6 'sulphur ^from^ the worthless material is 
. expensive^ Furtficrmore, j gocM dea,l of the sulphur is not 
extracted by this rather .crude metiiod of treatment, hence 
the difference between *the original sulphur .content of the ore 
and the quantity recovered in practice is often very great. , 

, An .interasting* desA-iption is also %ive«i of JllTe sulp hur_ 
* foitnd .at *Sulphur S^^rf^gs, iJfhich'occurs as rhyolite, a.valcafffc^ 
* C/i^m. 'Prade /.f 192^^9) 524 - ^ Ibid., 19M, ?o, *82, 
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rock being afJp^rently deposited in tents, yacks, Sod" pores 
within* a few feet Ar a few^nches of the surface, S 

Sulphur in U.SfA. is use^ for mg<iy different purposes, 
but notD^ally^he greatesf consumption is.injthe manufacture 
of paper and if^the preparation of chemicals. • 

Under, normal conditions not much native sulphur, except 
* that ijf the best quality, is usqd for the manufacture of sulphuric 
acid, but lately, owing to the heavy demand for large quantities 
of all grades of acid, the quantity so used has increased 
notably. According to the reports of the producers of acid, 
463,364 long tons of domestic and 20,463 tons of foreign 
sulphur were used by them in 1917. . 

Some of the native sulphur is used in various agricultural 
activities in addition to the direct use for acjd manufacture 
in production of fertilisers. The ‘quantity u.sed for these 
purposes, including spraying, dipping, and existing (sulphur¬ 
ising), is roughly estimated as between 35,000 and 40,000 
tons per annum. 

According to the Chemical Trade Journal, vol. Ixxi., 
p. 762, the exports of sulphur from the United States are as 
follows : 


1 • 

1 Contilry. 

i'no- 14 , 

5 -yoHr 

avoraj^o. 

• 


France 

26,086 

Canada 

17,742 

(icrmany . 

7,121 

Netherlands 

3 ,< 5 o 3 

Newfoundland and 


Lahr^lor 

2,180 

French ^^frica 

800 1 

Mexico . #. 

323 

Argentina . 

10 

United Kingdonr 

• I 

Sweden . . * 


Finland* 


Greece 


Portugal 


Australia . 


Belgium 

• 

British South Africa . 

• 

Spain. . . • . 


N6rway 

• ... 

Other Countrie^. • 

^37 

\ 

57,603 





285,762 


1922 , 

1 ' Jiioiiths. 


80,749 
93.846 
' 48,323 
9.S12 


2,2^ 

5.235 

29,268 

39.125 

12,650 

3.003 

38,225 

3.008 

8.550 

11,171 

6,000 

,15,385 

4*6,55^ 
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^ The production and ithports for U.S.A. are givfen below :— 


Year. 

* 

.. f. 

[*ro<lucV*on 

^ lUilKJltH. 

19^3 

25,000 

" € ' 

I9I I 

265,664 

30,060 a Wait 

1912 

'■ 303,41.! 

29,927 

I 9'3 

3 > ', 59 » 

22,605 > 

1?I4 

327,634 

26,135 

1915 

520,582 

25,910 

1916 , 

649,683 

22,235 

1917 

1,134,412 

1,015 

1918 

1,353,525 

82 

' 1919 

1,190,575 

lOl 

1920 

1,255,249 

136 

192 I 

•*<1 

0 

50 


In many other parts of tlic world deposits have been 
found, but, with the exception of those just described, they 
have, as yet, made no impression on the sulphur trade. 

The more important of these sulphur mines are the 
followinjj ;— t 

In United Kingdom. —The United Kingdom produces no 
native brimstone, but only sulphur recovered from alkali waste, 
with \yhich we are not concerned here. 

The following quantities were imported by the Government 
during the past few years ;— *' ', 

191 5, 5700 tons ; 1916, 34,200 tons ; 1917, 52,600 tons ; 
1918, 67,800 tons ; 1920, 154587 tons ; and 1921,96371008. 

In Japan. —Japan possesses very large stores of sulphur. 
According to the J. Soc. Chem. hid., 1919, p. 329K, the chief 
dejjosits occur on the island of Hokkaido, those 911 the^lands 
of Hondo and Kyusshy*-- being less extensive. The output 
diminished consickrably in 1918 owing to* the cessation of 
demand.conseqKcnt'oh the copclusion of the armistice. 

, The g’eologic^l formatioYi Of the, sulphur districts is not 
uniform^ In sftme localities large ncasses of sulphur are found 
covered with volcanfc fAva, in others the mineral occurs mixed 
with clay. * « , 

At .Iwaoto theie is*a deposit of gr&cipi*ated ,sulphur, and 
' aifother consisting Qf i^trusjons of fused sulphur in a sanely B?df 
The deposit ?t Hgjobetsu shows a continuous teiV pure 
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sulphur in th^ f®rm of irregular granules. S^Jeaking generally, 
the crude materiil contai*s 30 to 60 per cent, of sulphur, ancf 
this is refined up to* 99-too p*r cent, (^lality by the operations 
of crushing,‘^-^yingi^distifling, and moulding. .* 

The djjStill^ion is carried out in cast-iron sfills of 3 feet 
diameter^ connected with a condensing chamber measuring 
20 feet long by 2 feet 5 inijhes diameter. ‘In the past these 
have been heated by direct firing, but recently ateam heating 
has been resorted to with successful results. 

The production of sulphur in Japan :— * 


Refined .Sulphur 
Crude Sulphur 

1014 . 

74 ,H 5 
8,835 

loi.*). 

72,206 

17,172 

1016 . 

106,387 

21,475 

1911 ). 

Total 

82,950 

89,378* 

127,862* 

116,120 66,314 

and in 1921, 33,539 tons. 
The exports are as follows 

: — 

• 


1914 

1915 

1916 

1917 

1918 , 

1919 

1920 




29,008 

42,118 

46,513 

48,062 

30,431 

1 6 , 126. 

39,600 


According to the report of the Government Trade Commis¬ 
sioner in 1912,* a company, with a capital of ;fioo.ooo, has 
purchased White Island, in the Bay of Plenty, with the object of 
working the sulphur deposits there. It i.s'said that there ar^ 
40 ajfes of rock sulphur, ore eSmtaining about 84 per cent., 
as well as Rot sulphur springs, which pour out thick streams 
containing about.94 ftcr cent, of pure*sulphur. • 

The company proposes to make borings'^o. reach the source 
of these springs. • . ♦. » “ * 

Later information is to th« eflfeef that, owin|: to th» distance* 
from the markets,^ labour troubles, an^ inadequate machinery, 
the min^ hav* been abando'ned. • 

* In Canada imports a ^onsiijerable quantity of 

ssiplj^r, thdte being only a few sentterod deoosits. 

» • f * 

1 Chem. Trade J., 53 , 4 ^ 4 - 
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According to the Ann'ual Reports the imporis^are as shown 

ill table below, *' * 

% . 



lllU. , 

\ 

m 5 . 

v.n'o. 

f i;d 7 . yp. 



1' 111. 

ill. 

lb. 

f 

lb. 

Unilc'cl Kingdtim 

222,104 

149,711 

29,389 

5,602 

f 112 

New Zealand . 


, 2,520 




(.jermany 

as.foo 




Italy 

1.455.536 

2,013,370 




Japan . . \ 

5.791.910 

6,418,463 

20 ^,qQI 

199,808 

1,079.678 

Spain 

30,000 

92,944 

5.875,039 

9,314,475 

Switzerland 

1.500 





U.S.A. . 

52.175.570 

68,187,401 

69,730,678 

15,8,424,825 

147.603,524 

Totals 

. V 

59,712,420 

76,864,409 

75,841,097 

167,944,710 

148,683,314 


In Cyprus .—The Cyprus Agriadtural Journal states that 
sulphur has been found ,'n the mines at Skouriotissa. A 
moderate deposit has already been located, and steps are now 
being taken to extract and refine the sulphur, and to prepare 
therefrom flowers of sulphur of a quality which, it is believed, 
will be suited for the treatment of vines. 

In Chili .—In Chili, brimstone is found at a height of from 
12,000 to I 3,000'feet above the sea. The mines, which were 
started in September 1900, by an Iquique company, are 54 
miles from ‘the nearest railway station. The^ product is said 
to Ije. of very good quality ; it is used in the provinces of 
Atacama und Tarapaca for thf recovery of iodine, ^nd for 
making blasting-powder for the nitrate works. This*seems 
to be the Taltal deposit rr^entioned in the Consular Report, 
quoted J. Soc. Chem. Ind., 1901, p. 1039. In 1901 the 
^working was stopped as being unremunerative {Z. angew. 
C//4,*w., 1901, p. I24i). » , * 

The production of sulphur in Chili during recent years is as 
follows: in 1918, 19,55/'; i^.9'0; and in 1920, 

13,340 tons. ‘ , 

In Africa .—iJlf G. T. Trev«r, Inspector of Mines, Pretoria,’ 
•has recejjtly emphasised the ^gnifi«ance of the chemical 
industries, and,’in gar^iciflar,, the fndustrial importance of 
sulphur. Hc» explains the varidbs fo|;ms ’in .which pyrites 
occur, and shows that South iVrican condftions in tljfs respect 
are such* a^ tef render it* possible/or ^le coiJnfryto meet Ml 
its*sulj)hur requireitlerts fer .an indefinite time t* *come. 

' Che/ti Trade J., 1921, p. 212. • 
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South Africa Ba* abundant supplies o/ coal, iron, anTl^sulphur, 
and tl?ese, he showfts, are tl>p three great essentials for industrial* 
improvement. * » ,• 

In i/>irf«.^Ther» are In the province of Murcia, according 
to a writer itl^the BoleUn Oficial de Mines Mctalurgia, a 
number cj" sulphur deposits, one of the most important of 
‘them,being that of La Sur^a dc Lorca,»near the town of 
Lorca. This bed extends over a length of lo Jiiloms. and 
a width of i to 2 kiloms. Three companies are working 
these deposits in a somewhat primitive nAinner by highly 
inclined galleries of reduced cross-section. A few pits have 
also been sunk to a shallow depth. Ventilation is‘very .141- , 
satisfactory. The sulphur is treated in the Sicilian calcaronc 
furnaces, though efforts are being made to introduce an im¬ 
proved type of furnace. The fused sulphur is refined in two 
sets of pots, the necks of which are set into’two iron tubes 
which lead into a large brick chamber. Retorts arc also used 
of similar type to those used in gasworks. 

In Mexico. — Bernhard Neumann’s investigations * upon 
some black sulphur found in Mexico led him to the conclu¬ 
sion that the black sulphur of Magnus and Knapp is not a 
special modification of sulphur, but ordinary yellow sulphur 
which has been toloured black by small quantities of ^arbon 
or of metallic sulphides (iron and platinum). , * 

In tjie New Hebrides. —Aefording to the Chem. Trade /., 
vol. Ixix. (1921), p. 311, a considerable quantity of sulphur 
is found on the mountain and island of Vanua Lav# in the 
New Hebrides, in one vast mass containing py per cent, sulphur 
and tl^ balance ash. The heij^it of the mountain, wliich 
forms an island in itself, 1* 1600 ft., the area of the island 
being too sq. miles. « ^ 

Vanua Lava, as part of Banks group, inajuded in the 
administration of the Condomir^um Govd-nment of kbe New 
Hebrides. The Banks gy oup lies' h<:tween tlfe isth^nd 20th 
degrees of south latitude^ anS is about 900 Jniles f?bm the 
Queensland coast. • • * • * , 

yVccorclwig to M« 't. J. McMahon, writing in the Times 
Trade SuPplgnentf tw(?nty-five years a|[p a* Frei»ch»campany, 

^ Z.mngeT^C/tem., 1917, u, 165-166; J. iiiem. 3 t>c., 1917, 2,465. 
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began op^ration% on fhe mountain, cmplo»yi 4 ig comnetent 
^engineers. Th,e company built s long,* substantial coral 
concrete wharf and sJ;orehous(i in a sntall bay at the foot 
of the mountain, and constructed an atrial rjdtvvay nip the 
mountain fcfr nearly 900 ft. Hundreds off natives were 
employed in digging out the sulphur from the mountain side, 
and hundreds moia in carrying 40-lb. bags of sulphur Jo the ' 
railway terminus, whence carriers were sent rapidly to the 
storehouse on the bay. The first shipment of sulphur sent to 
France paid hanckomely, but the company suddenly abandoned 
the field, giving as a reason that malarial fever of a malignant 
^type made it impossible for white men to live on the mountain 
island. It was eventually stated, however, that the company 
had discovered, that the administration of the New Hebrides 
was not in a position to guarantee the company a monopoly, 
a prior right frtsm an Australian engineer, the original dis¬ 
coverer of the commercial possibilities of the island, being in 
existence. To-day this claim holds good, but Condominium 
law prevents any prompt commercial activities on the island. 
A British-AustraJian company is now endeavouring to begin 
operations, and has opened up negotiations with the Con¬ 
dominium ^Government, the British side of the Condominium 
being favourable to the enterprise. ' 

t 

Manufacture of Commercial Sulphur from Native 
Crude Brimstone. 

Thdold Sicilian “calcai*onp” method, described in all older 
text-books, need |jot be described here, as it is now obsolete. 

• Oij p. 2 I we have quoted the^books in which the former^icilian 
m?thods are described in detail ; *liere we shall,treat tinly of 
the more recent apparatus used for the purpose of obtaining 
commercial sulplmr from the raw ore by fusilig. 

Infiicent years “Gill Ijilns’Miave rapidly gained ground 
in replacitig the ialcaronc, nlctlfcds, apd they increase the out¬ 
put of 5 tilphurt>y 50 per sent. Thase kilns consist of an oven 
covered by a cupolff, called a " call ” ; insick there is a smaller 
cupola, withm which a coke fire is burning, \lachacell hijlds 
from 5,t<i 3(i cub.*metnes of ore. TherS are»gtnefaTly six cells 
watrkijigain an angjila^ bajjery. * Th? gases generataJ^linhe 
first cell pass bj' latejpl channels into the next;#by thp time 
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the fij^sion is Completed in the first tell, thg contchtis of the 
second cell arc aliteady heated up to the igniting-point by the" 
gases, and so on. The gases beavily cjj&rged with sulphur are 
not losrt as hv the c«lcaro1ie method ; the yield is much larger, 
the time shorlsr (three or four days for each cellj, and, as the 
quantity smoke is much less, the work can be continued 
almost all the year round without danger tc»the crops. 

The Frasch Process. 

A complete revolution in the producticJti of commercial 
sulphur from hitherto unavailable crude ores has been brought 
about by the ingenious process of Herman Frasch. Prior, 
to this development of sulphur mining, nine - tenths of the 
world’s supply was produced in Sicily by extremely primitive 
methods, which involved shafting and other ordinary methods 
used in mining. In 1869, an enormous dei 5 osit of sulphur 
was discovered in Louisiana when a well was being drilled for 
oil. All methods to mine this proved unsuccessful for twenty- 
five years, until Herman Frasch took up the problem. 

The character of thc.se deposits is dcsoribed in Mineral 
Resources of the US. for 1918, p. 365, as follows :—From the 
surface to a depth of several hundred feet are unoonsolidated 
sands and muds. Beneath the unconsolidated deposijs is a 
limestone, in places as much as too feet thick, locally kn6wn 
as the cap rock, because it covers the sulphur deposits. Next 
beneath the cap rock is limestone, with some gypsum and large 
quantities of sulphur. Lower,down the proportiorf of the 
limestone decreases, and in the next few hujjdred feet the beds, 
are rrMunly gypsum, with some ijplphur and a little limestone.* 
Still lower iown the rock is massive gypsum. This gypsum 
member is said to r^st on beds of *lt of unknown thicknes^ 
The r^cks belov\T the unconsolidated depoStts «re apparently 
folded so that the rock .sjjrfacf forms *a*dome. In* fact, the 
slopes of the sides of tiv: roc^ ddmt; are, in places, Tnore than , 
45 . The sulphur doe# not occur in massfve bed?, but in 
stringers and^ lenses, whi#h traver^ *the ai^acent rocks 
irtegularly. ' * ^ 

Briefly, tJie»proces*s of extraction* Js rfs foUoww ;-»-Holej, 
neSPl^^ foot in diameter, are bqred #to»the deposit by*fligs' 
and «drillS%similar to those u.sed in .jiofingk for oil, and the 
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sulphur, • vVhich Viuefies" at about ii6°, is«melted by the 
introduction of. superheated water.. After' the sulphur has 
melted and collected t^t the ba'tom of thb hole, it is raised to 
the surface by the-use of compressed at’r. Tj/^ sulphur in 
the liquid s^ate is piped to large bins, where.fon^ cooling, it 
con.solidates. The .solid sulphur in the bins is blasted down 
by powder, picked' up by steam ^shovels, and loaded intp box 
cars for railsoad shipment, or on open gondola cars for trans¬ 
portation to the loading dock for ocean shipment. 

The sulphur obtained is not further refined at the mines, 
but is sold with the guarantee that it is at least 99-5 per cent. 
,piue. I^ contains no arsenic or selenium. Usually not all 
the sulphur in the adjacent rocks is melted out by one 
well, and consequently the practice has been to abandon a 
well after a certain length of time, and later to go back 
and sink anothef well in the neighbourhood. The distance to 
which the steaming affects the rocks varies greatly according 
to local conditions. In some places, wells less than 50 feet 
apart show no interrelation ; whereas in other places, wells 
more than lOOO'feet apart show distinct intercommunication. 
Already, several hundred wells have been sunk at each mine, 
but of these only four or five yield sulphur at a time. The 
numbey of wells in operation at a time is limited, not only by 
the'equijryncnt required to furnish the nece.ssary hot water, 
but also by the necessity of avoiding the .setting up of cjfcessive 
pressures underground. The quantity of sulphur derived from 
individutil wells differs considerably. The most productive 
wells are said to^have yielded more than 100,000 tons of 
'sulphur. ^ ^ 

The following is the history of the Fraaph Patents.' 
frasch’s first patents grai*tcd were 4614^9 and 461430, which 
covered the apparatus. * ^ 

Thosa patents Hbmg gra%ted jp 1891 and having now 
« expired, tfte same general* proc?^s is «being used both at the 
original Tocality*.and at Fraeport, Te>fe.s. 

The first jsatent wa? useful foi»sulphur deposits which were 
overlaid with beds of quicksand, whicTi therefore prevented 
^aftingk •The method^tliscl^osed in this patent required that 
*an»»rdinafy well .shouldjbe ^rillfd through the limesto|e*'above 
• 1 g/mm. Seti Met. Eng., 1919, p. 637. 
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the sulphur, a’caeing being forced through tjjis limestone and 
throuj^i the quick*ind by the ordinary methods, used in drilling 
oil-wells and the lik 5 . This slyit off tly water and the quick¬ 
sand. ‘Whcfi the casing /cached the sulphur, 3 hole of smaller 
diameter was continued to the bottom of the ^deposit. A 
suitable tuning was then passed down in a central position, 
• and qpntinued upwards abo\^ the surface,‘to a casing head. 
Water at about 133“ to 138° was then forcedi down the 
annular space to the bottom, whereby the sulphur was melted 
and forced up through the tubing to proper .saparator.s. 

The second patent also showed a pump at the bottom of 
the tubing, which could be used to raise the molten* sulphqr. 
Thus the mine could be filled with hot water to melt the 
sulphur, and the sulphur could be periodically removed by this 
pump. A modification of this apparatus showed a bleed pipe 
extending from the surface of the ground to ^he hole in the 
mine, the bottom of the bleed being higher than the bottom of 
the casing and tubing. This bleed pipe could be used to draw 
off the hot water, while the sulphur was pumped up by the 
pump before mentioned. • 

Frasch’s first well was drilled in the fall of 1894, and was 
worked for four or five hours, producing about 500 bbls. of 
sulphur, when i/echanical difficulties, due to the sylphur 
corroding the iron working parts of the valve and p^mp,*a*nd 
the wcaJeness of the boiler to'supply hot water, caused the 
stoppage of operations. 

Various reasons dektyed complete commercial succe*S until 
1903, but such delay was not caused by Refect in Frasch’s 
originalKonception, or in means t(^ utilise it. He was occupied 
in other worl% his visits were infrequent, and operations we*re 
often suspended for as jong as a year «t a time. 

In Uie meantiftie, and before commercial-9uc«ess had been 
■secured, hrasch filed another specification,*!/! 18^7, two .patents 
being granted. Nos. 799^42 ^id* 800127. *In adflition he 
was granted No. 1008319«in *911. • ,* ” 

In U.S. P. ^79^642 he •stated thJt \he earlier patents 
were unsatfcfactory because, since^the sulphur had *been found 
to be porous,Jie«c<*uld flot develop suffieJient press«re«with the, 
wateJT' lllujip to raise the colurnn qf mpltjn sulphui"! and.^ 
lifting ^um^gave trouble with its vaUjgs.’ in additiot^ the 
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water with whicf^ the deposit of sulphur was .sAurated, cooled 
•the superheatecj water so that thp yield* was small. The 
novelty of this patent,consistc(J in not returning the water to 
the surface, but‘forcing it out throu'gh tlie porous rock, so as 
to heat it even when the temperature of the water was below 
the melting-point of sulphur. The water was 110*% forced at 
about 147" to counteract the elject of the cold water m the 
porous deposit. 

Later, Frasch took out another patent in which further 
modifications wcfre described, air being injected from an air 
pipe until the density of the sulphur was lowered to about 
tljat of water, so that it could be easily raised by the column 
of water in the hot-water pipe. 

Patent 800^127 had about the same disclosure as 799642, 
and mentioned that no provision was made for the return 
of the hot wafer, which was forced through the walls of the 
cavity of the sulphur and into the walls of the surrounding 
rock. Patent 1008319 covered the idea of injecting the hot 
water into the mine through a strainer .so as to divide the stream 
of hot water over a wider zone to prevent clogging. 

In December 1911, Herman P'rasch' received for his 
immense technical achievements the great distinction of the 
Perkip medal. The speech of Professor C. F. Chandler and 
thb'rep^y of P'rasch, which are recorded in }. Soc. Chem. 
Ind., 1912, pp 168-176, give ^ most interesting account of his 
inventions and their practical application. 

• • 

Other ProKsses for the Extraction of Sulphur from 
P41W Or£s. ^ 

There are many othe^ processes for the extraction of sulphur 
from ore, but„Wfi4)ropose dealing only \iflth those of recent date. 

B^cj-aft and G*nter (U.S. P. 1332537) and Clifford and 
Green ^1332542) use ^two vetot-ts somewhat resembling a 
Kelly filter pjess in design. 'Thjy consist essentially of a 
cage into which the•sulphuf-baring roclj is introduced, and 
a housing iSto which the cage move? \^en tharggd- Steam 
is adqjit^ed ^nd Uie cage rotSted. The mojt^ sulphur collects 

ifLtlie shell, from whfch it Is disthar^d by a valve. - 

• t • • 

* H. Ffa^ (lied in 1914 at the age of 63.#' 
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Secjgwsek (U‘S. P. 1318051) heats the*ore and* centri¬ 
fuges it to separate^ the liquid sulphur, which-is then soli^i-' 
fied by cooling the material before the**centri/ugal motion is 
stopped*. • 

Huff ai^J Cc^nnolly (US 1 ’. 1137625) claim all apparatus, 
the efficiency of which is dependent upon the melting of the 
sulphur in the absence of air, <Rnd the conservation of a large 
portion of the heat imparted to the gangue and tfce parts of 
the apparatus which carry the sulphur - bearing material, 
through the melting - chamber. The sulpTiur ore is fed 
automatically to a series of buckets attached to rollers formed 
into a continuous chain by means of links. This? bucket 
conveyer dips beneath water contained in a tank, rises from 
the tank, passes through a melting-chambei> and is again 
immersed in water in a second tank, passing over a sprocket 
wheel at the discharge end of the apparatus, wliere the gangue 
is dumped into cars for disposal. The two tanks containing 
water act as water seals for the melting-chamber, thereby 
preventing the entrance of air thereto. The air is removed 
from the ore which is heated in the first tank. The heat of 
the gangue from which the sulphur has been removed in the 
melting-chamber, and of the buckets, rollers, and links, 
is absorbed in the second tank The water is circulated 
through the tanks by a pump. Heat is provide*) to tlie 
melting-chamber by means of a furnace. 

I erry (U.S. F. 1285358) fuses the sulphur in situ by means 
of superheated water, aivd the molten sulphur is injecteef in the 
form of a spray into a cooling medium, by wlvch it is solidified 
in the ft^m of small globules. , , 

Lucas ami Tait (U S. P. 1259536 A *and 1259537 B*!). 
A. The sulphur in thij deposit is igiffted and partly burnt in , 
a mi.xtyrc of air and CO^, in such proportioTIS’tt»at sufficient* 
heat is generated to melt a furtluir quaiuft/ of'sulphun • The 
molten sulphur is forced ti« the^urf*ace by the gas prepare. 

B. Two concentric veftical jjassf^es are provided *in the 
deposit, and hot jir, tliluU:d wifli combu.stmn produ(j,ts, is passed 
doMBi thrcfl^h the oulfer^ passage :yid back through the central 
pass^e, so a»to*lltat th| ceqtral f^o 45p°. ‘A »mi*ed»com-, 
ustiori^*(|if sulphur is permittetJ and ^ further qu^htity 
volatiliicd. ^The sulphur vapour and cwwib'ustton product^ are 
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withdrawn through the''central passage, the former beir>.g then 
‘'cpndensed and -removed. ' 

E. F. White (Eii^. and Min. Ixii., p, 536) extracts 
sulphur from ores'by passing the latter 'downwards between 
two conical ''steam-heated vessels, where the sulpl|,ur is fused 
and runs out at the bottom. • 

De la Tour lircuil ' employs a 66 per cent, solutjon of' 
calcium chloride for the same process. C. Vincent recom¬ 
mends this method." 

Huff (Assignor to Moss, U.S. P. 1184649) employs a 
well-casing, closed at the top, with perforations near the 
bottom, hear to which electrical heaters are mounted. Water 
supplied to the casing is heated therein, and passes through 
the perforations into the, sulphur-bearing strata. The molten 
sulphur is raised through an inner pipe, which passes down 
and projects beyond the bottom of the casing. 

Fleming (U.S. P. 945926) melts the ore by any means 
desired, and afterwards maintains it in fusion by electrical 
means out of communication with the atmosphere, forcing 
currents of steatn, with or without air, through the molten 
mass and condensing the vapours evolved in cooled receivers. 

G. A.'Bragg, Assr. to Te.xas Gulf Sulphur Co. (U.S. P. 
1374422 of 1921), divides the ore into a line pulp in water, 
and ther mass is heated to the melting-point of sulphur by 
means of steam, and upon agitation the sulphur coalesces and 
is thus separated. ^ 

t 

Sulphur oiiTAixiii) from Various Materials 

1. Sulphur from Spent Oxide. • 

Free sulpbiWnis produced in large (fuanUties in the manu- 
factu^p.of coallgas,* and is contained in the oxide of iifon after 
use in its purification. ^We *;haft treat of this later on as 
material for •producing ^sulphflr 4ioxide; in this place we 
mention it only as a source oT frje sulphur^ 

The sulphur obtained from this sdliriip is fhostl]t,of a dark 
colou;;, (jwigg to. the ,presen*ce of tarfy siibstancdfe, and this 
’ . - • • • • 

\Coin^ies fend., 93, 456. 

Soc. chim., 40, 528. 
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make,s it very difficult to sell, so that if is nearly always burned 
without extracting it, as we shall see later. . • 

In order to remove this dark colour, lltS.cigncul (Ger.*I>. 
178020) filters the fcenzene or toluene solution through animal 
charcoal. ,He .describes an extracting apparatus* in the form 
of an autoclave, a charcoal filter, a. cooler, and a filter for 
colle(;ting the sulphur, of siwh a constructiTm that the benzol 
may be recovered. The desulphurised mass is freated with 
hme in a high-pressure apparatus, in order to recover the 
cyanogen compounds. His B. P. 8530 of 1905 describes 
extracting the sulphur by hot toluol, allou ing it to separate by 
cooling, and using the solvent over and over againT In his 
Austr. P. 27298 he describes mixing the toluol with carbon 
tetrachloride. 


Vaton and Zuaznavar (Fr. P. 336661) distil the spent oxide 
in retorts, with a condensing chamber of such‘dimensions that 
the temperature is maintained between 150° and 440°, so that 
only pure sulphur is conden.sed therein. 

Gunther and Franke (B. P. 11187 of 1907; Fr. P. 
377827) extract sulphur from gangue or' other material 
especially spent oxide of gaswork.s, by boiling acetylene tetra- 
ch oride or a mixture of it with xylol ; on cooling, all the 
.sulphur separates except i ,,cr cent, remaining in solution 
xhe feme ox,de remaining behind may be used over'ando'ver 
again, «nd thus accumulates a greater amount of cyanogen 

meThodT'^^ sulphur-extracting 

Derome (Fr. P 372099) heats the materi*! to redness, with 
or witbout the addition of^a hyc^ated base, with injection.of 
■ earn mo i le retort, to assist in decomposing cyanides 
Sulphur, ammonia, etc^ escape and arv^ condensed in a cooling-’ 
chamber by water* spray.s. _ ^ * 

V t Williams (B. P. 5^6 of^pop) UeSts.fhe spent-oxide 
^wi h liquor ammonj^x, ar^ fi|t^ 5 .-s 'the solution of aiftmonium 
; polysulph.de from the ferrftus sulphicie, which ii,‘convcrted into 
o.x,de by exposure.to die ah- and aga'in'treated, with NH 

sol^ion r* , the ammonium polysulphide 

It ^ mt possible to obtain the^urphift- dern-ed .from 
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fipent gas oxides 'entirely free from the soIveiTl, e.g. petrcj.leum, 
'ini'ine, tar oils,- and especially carbon disulphide, by mere 
distillation. The Chcuiische Fabrik Phbnix, Rohleder & Co. 
(Ger. P. 182820,- an'd B. P. 23957 of 1906; Fr. P. 370893) 
attain this object by running the solution, in g, finely divided 
form, into water heated above the boiling-point of solvent; in 
case of CS,^ .say t'O 70°, at suds a rate that no large quan¬ 
tity of the‘‘solvent can collect there. The small quantities 
gradually flowing in quickly give up the CS^ by evaporation, 
and the S collecting at the bottom of the vessel in the form of 
leaflet does not retain any CS^. When enough sulphur has 
collected,'the supply of solution is stopped and the boiler is 
heated to about 85° for \ hour, then allowed to cool and 
emptied ; the sulphur remains on a sieve placed below. 

Hunt and Gidden (B. P. 8097 of 1912; U.S. P. 1059996; 
Chance and Hunt, Fr. P. 452034 and Ger. P. 263389) heat 
the mass above the fusing-point of sulphur, then treat with 
sulphuric acid of sp. gr. i -60, and extract the sulphur from 
the residue by means of a solvent. Or, the spent oxide is 
first treated with a solvent for sulphur, and the impure product 
treated as above. 

The S’oeiete d’liclairage, Chauffage et P'orce motrice 
(Fr. It 454990) extract the sulphur by means of light tar-oils 
(boiling oetween 150'’and 190’) at 100° which di.ssolve 35 
to 40 per cent. The sulphur remaining behind is converted 
into sulphocyanidcs. ^ 

t 

t. 2. Sulphur from Pyrites. 

c' A certain quantity of sulijiiur is,obtaincd by the di^f.llation 
of pyrites. This, however, only pays in very few instances, 
t Walter (Ger. P. 192*^18) obtains sulphur in the roasting 
of pyrites smalls^b;^ 5 furnace similar to the Herreshoff,burner 
but fitted in a* special way, «so tUat the condensing sulphur 
remainj in a gicitcd statfi and ^an lA run off through one or 
more lateral pit)es. ,Or cl?e tlm roasting takes place in slightly 
inclined revolving cylinders. * , * , 

W. A. Hall (B. P. 20759«of 1912 -,^ 15 . 5 . P. 10^248 ;-Fr. 
•P^. 45'5ot)5 *and *45&D28),.subiivts ga^'s* psoduced in a 
mechanical pyrites* bftrncr* of* his own construction ^fiTTurns 
to the action of steamed to that of a rediicijig fl^e, Whereby 
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hydrogen sulphide and free sulphur are formed. His B. P. 
20760 of 1912•describes the conversion of the hydrogen 
sulphide into free sulphur. Accord in to a report, quoted in 
Z. an^eiv. Chem., I^i3,*iii., p. 573, Mining Science, the 
first Nati(^al popper Co. at Coram (Cal.) dccidecJ to introduce 
this prooess, heating sulphide ores jn a neutral or reducing 
atiTK^phere, whereby the sdphur is volatilised in the free 
form and collected in water, or precipitated bf a Cottrell 
electrical precipitator, whilst the metal remains in the form 
of oxide. According to the reports given In Eng. and Min. 

5th July 1913, and J. Ind. Eng. Cheni., 1913, p. 95 5, all the 
sulphur down to one per cent, remaining in the rcsidTie can be 
removed and recovered by submitting the ore to a flame of 
non-oxidising or reducing charactei;, together, with the water 
formed by burning hydrogen, or of steam which is decomposed 
by the hot ore. The oxygen formed thereby combines with 
the metal, and the nascent hydrogen combines with any free 
oxygen getting into the “atomiser,” which serves for decom¬ 
posing the gases, so that a circular process of decomposing 
and reformiiig H^O is brought about. IP the burners are 
properly regulated, all the hydrogen escapes in the form 
of lIjO, and, in the exit-gases, no SO2. SO3, COS, or HjS 
is found. This ‘process has been applied to all sorts q/" ores : 
pyrites, pyrrhotite, copper concentrates, crude blende and 
zinc cffnccntrates, also pure FcS. In all cases pure sulphur 
vapour, with no SOj or M^S, esca|5cd. The lesiducs consisted 
of a mixture of FejOj^and FcgO^. • 

F'urther patents of W. A. Hall (B. Ps. .->6370 and 26595 
of 19^,2; 8279 of 1913,^ U.S.,P. 1133626) contain fur^er 
rules for cawying out the process. Other patents (U.S. *Ps. 
1083249 to 108325J) refer to the Application of his process 
to other metallic Sulphides, such as zinc-blend«^opper pyrites, 
and galena, and give furtltfr defcails of lii^ process. H« (U.S. 
Ps. 1133637 and 1134846) ^trodwees the ores cofttinuously 
into the furnace, and maifltains Jhe 4 op la^er at a temperature 
below the ignition-point of free sulphur by s,praying with 
water, a^'ding the Ritroduction fd air. 

Hall’s pijpcesses are fully, described^in tietai^ by Wierum 
in (T. 3 .'‘AIin. Res. for 1914, p. j38, • , • , .% 

Th«»’BflHsh Sulphur Co., Ltd. (AustM’. "apfd. A6907), pbtain 

I • • 
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the total sulphu» of ores in the free state *by means# of a 
!e4ucing flame, containing an excess of jiydrogen, with just 
enough oxygen ,to bum the hydrosjen and to convert any 
H„S formed, intO' wdter and free sulphur. * 

The New Jersey Zinc Company, New York(-(U.S. I’s. 
1103081 and 1103082}, obtain sulphur by heating pyrites, 
witii exclusion of a'ir, to 600" to Soo J until it has passed-over 
into pyrrhotitc or magnetic sulphide. When treating blende 
in this way, the iron sulphide formed can be extracted by 
magnetic means. ' 

L. P. Wright ( 13 . P. 26128 of 1911) heats pyrites by 
means of* an electric retort-furnace to a very high temperature, 
whereby most of the sulphur is set free and is collected in the 
distillate ; the iKsiduc consists of iron containing .some sulphur, 
and may be refined by any well-known means. 

Birkcland (LJ.S. P. 1121606) obtains sulphur from blende 
or other sulphides by passing superheated steam through them. 

Kingsley (U.S. P. 1144480) heats sulphides with dilute 
nitric acid (containing at most 5 per cent IINO,^), whereby, 
together with mefallic nitrates, free sulphur is obtained. 

Hoffman (U.S. P. 1273370) drives off the sulphur from 
pyrites or Similar ores, and pa.sses the gas into a heated con¬ 
tainer .along with a gaseous hydrocarbon, producing sulphur, 
carbon dSoxidc, and water, ^hc catalyst used may be a 
mixture of calcium sulphite and sulphide * 

H. C. Pedersen (B. P. ^i 5 2887) mixes ordinary pyrites 
with col<e and roasts with the‘usual quantity of air. 

* 

, 3. Sulphur from Sulphur Dioxide. • 

0 • * • • 

It has often been proposed to prepare sulphcfr by passing 

gases containing sulphu^ dioxide through red-hot coke. The 
first mention of this process is made in a pamphlet of,Vivian 
in 18^5 ; Reicb describes^ «xpci<imcnts made with it at 
Frankfyt* in 1^58. * • * 

F. R. Carpefiter ^Amert Ps, 871912 and 925751) obtains 
sulphur frorn the roasting-gases of sul[jhidd or«s (especially in 
the Colorado district). The gases are purified froi^Tflue-dM-St 
in chatnbtrs,'where they ai^ also .saUiratcd*’vv*ith*wat er in tro- 
dfl* 5 ed* a.s* spray ; they*.are .then cooled in large chaiffBers by 
meani of Vater-c'oils, v^ich causes all the SO, to ^oncfflise as 
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an aqicous solutibn ; the residual gases arc taken awa5' by an^ 
exhauster. The soTufion of SO., is freed from flue-dust, and tlje* 
SO^ boiled out of it by means of coils Auitaingig water super¬ 
heated *11 the fluc-difst chambers. The SO,, is conducted into 
towers conjainiag red-hot coke, where both SO., and H^O arc 
reduced asf follows, with formation of (,jO., or CO :— 

• • 

2SO^ + 2ll.,0 + 3C = 2H.,S + 3CO,, 

S 0 ^-|-H „6 + 3C =If,.S + 300 .' 

This gaseous mi.xturc, after admitting the flcccssarj' amount 
of air, is worked in Claus-kilns * for sulphur :— 


A modification of the process, which is, however, less advan¬ 
tageous, consists in taking the roasting-gases, without concen¬ 
trating the SO.^ in the above-described rnanncfr, with addition 
of steam directly into the rcducing-kiins, or else they are 
further heated to decompose the “subsidiary sulphides.” 

Lamoureux ami Rcnwick (IS. P. 2834, 1915; U.S. I’s. 
ii403ioand 1182915; Fr. P. 477795) reduce .SO., contained 
in gase.s, mi.xed with atmospheric oxygen, to elemental sulphur 
by contact with incandescent coke to which the neccssaiy heat 
)S supplied clecttically. Lamoureux (U.S. P. 1169726) in 
that process utilises the heat of the outflowing gases foj; heatflig 
the inflaw gases before passing fhem into the reaction chamber. 
The sulphur may be obtained almost rpiantitatively by keeping 
the gases in contact \vith the, ^oke for five seconds at a 
temperature of 1300 . In order to ensure complete reduction 
of the^O.^ to S, heat is applied b^ passing an electric current 
through the Ijpd of coke. * * * 

Ruthenburg (H. P. 29030, 1912) a^o passes the gases first 
through an elcctil'cally heated coke coIumn,.Aim through a 
chamber where sulphur is precipitated, add* ultimately ilyough 
a sealing liquid into the ijhirnnAx • , * • 

basset (B. P. 20716, *1913 ; Fj^ P. 4729,57) pa^Ses the 
gase.s, previously piuified fron^dust, through a tower filled with 
redjiot ssAie, wfieic • iflixture of carbon dioxide, oxysulphide, 
and mono^lyhide»is fchmed. I'Ris is axidised tc^suiph*ir and^ 

carboTi» 4 ioxide in another lower,* hea| 5 d by the irst, 

• • • • 

' Vtife Lunge, [3], 2, 97^/iry. * 
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which, through a special pipe, an excess of c'arbon dioxide is 
''iivtroduced. 

Vadner (Get. P. 2745568) removes from the gases the solid 
impurities, mixes them with reducing-gases, and passes them 
first through red-hot coke, then into the space,.where the 
sulphur is condensed, and ultimately again through'a purifier, 
for which purpose apparatus is described. > 

The Ainerican Smelting and Refining Co., New York 
(B. P. 144306; Convention date Sept. 9, 1918), also recover 
the sulphur dioxide by means of air and incandescent coke. 

Jacob Papish’ states that sulphur dioxide is reduced to 
sulphur by methane at an elevated temperature. The author 
suggests that sulphur occurring in volcanic regions may, in 
part, be formed by reduction of sulphur dioxide by methane, 
carbon monoxide, or hydrogen, all of which occur in volcanic 
exhalations. 

Teed, Sulman, and Picard (B. P. 14628 of 1911) mix 
gases containing SO,, with reducing-ga.ses, like producer-gases 
or water-ga.s, and carry the mixture over a heated contact mass 
consisting of magnesia, or calcium sulphate, or ferric oxide, e.g. 
magnesia bricks heated to a red heat, which produces the 
reactions, ' 

, .« .SO.j-l-2CO = 2CO2 + S, ami SO., + 2II., = 2ll„0 + .S. 

P. S. Smith, Assignor to th6 Pont dc Nemours I’owder Co. 
(Amer. P. 878569), forms producer-gas and water-gas succes¬ 
sively, ‘and mixes the waferjgas with the SO^ contained in 
sulphur-bearing gases. This mixture is highly heated by the 
‘ prpducer-gas; the sulphur vapour, set free by the inaction 
between the SO.^ and the water-ga?, is conden.sed^nd collected. 
^The same inventor (U.<\ Ps. 9451 ii and 945112) describes 
special con.strawtions of apparatus for tins pifrpose, which allow 
of working the ^rodc.^s in a continuous manner. * 

Sanborn, Mc*Mahon, Qvfcrbfiry, ayd Young (B. P. 18202, 
191 r ;*■ U.S. 1 ’. 10621^) jD^s Mie SO^ containing gases 
through a tower inVhich calcium sulphide.solution is sprayed. 
The mixed solution of calcium sulphidS a«d su 1 phat*rfolleqJing 
,at tlie Jjottom together with precipitate^ .sujpBur, passes 
tJjtough«a vessel ji'hgre tfie solids ^re deposited, ^wd^then 

' I’roc. IniiMu Acad. Set., 1918, pp. 170-17 if 
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through a funnel into a furnace where the sttiphur is distilled 
off and condensed the residue remaining in the furnace ^-i^ 
mixed with coal, and from this mixttfl'e cal<;ium sulphide is 
regenerated. * 

The Cl\pmis«he Fabrik Griesheim-Klectron (H. P. 1550 of 
1914) reduces sulphur dioxide or sulpliites to sulphur bv means 
of spo<igy zinc. 


4. Sulphur from Gases containing SO 2 (Snffeltry Fumes). 

The “Thiogen process” of the Pennsylvania Manu/acturing 
Co., described by S. W. Young,' depends upon the reduction 
of sulphur dioxide by ethylenic hydrocarbons according to 
the reaction, > *• 

3 SO 3 + C,H., = 3S + 2C0, + 2 II.O, 

which, however, is very slow and incomplete. This is avoided 
by employing as catalysl, ferric o.xide or calcium sulphide 
containing it, which brings about the cyclic reaction, 

9 

2CaS + 3SO., ^ 2CaS(),j + 3S ; 

2Ca.S03 + 2CaS + 2002 + 211/). 

• 

1 he roaster-gases containing about 8 per cent, of ^St>, are 
passed first through a dust-sefctlcr to a combustion-chamber, 
where a certain amount of oil is introduced, and in which the 
excess of oxygen in the gases is burnt out. ‘Thence thp gases 
pass to the contact-chamber, wliere more oil is introduced, 
the total amount being that which is necessary to burn out 
the oxygen and reduce tl*e sulphur dioxide. The contact 
material is made up from plaster oj^ Paris, which is mixed 
with water contaiping^iron salts, allowed to ^ and broken- 
into lumps. The chief chemical difficulty's that the contact- 
mass is rendered inactive, fiithsr’by the prescnice of jlue-dust, 
or y the destruction of i'l;i po«)sity fiy too high.a temi-scrature 
m t e contact-charnber. In ^ stries of tsials ni one unit of 
a batteij^^of ei^it jix!.hearth M‘Dougall roasteiS, the same 
charge of conta.ct material was lun fejr periods of from ten 
o twelve da)^ witnout loss of activity, the*exit-gases c^ntainiq^* 

1 J. Soc. Chem. Ind , 1913^.-< 293. * 
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^ practically no S©,^. The exit-gases from the contact-chamber 
through a cooling and condensing jipparatus, where the 
sulphur is depo,sited. *1116 combustion-chamber is filled with 
a network of bricks, heated to about 8 ob° by oil introduced 
in the form of spray by means of steam injectors. contact- 

chamber also contains,a network of bricks, the •interstices 
being to a great'extent filled vVith a mixture of equalt parts 
of plaster bf Paris and moistened sawdust with a little iron 
salt; the CaSO^ is quickly reduced to CaS, and the mass 
shrinks to half of its first volume. The sulphur set free is 
collected in a tube formed like an inverted U, provided with 
slanting bottoms and outlets. In order to prevent the con¬ 
densation of compounds of selenium, arsenic, and antimony 
together with sulphur, tlu; gas may be, in a previous chamber, 
cooled down to about 500“ by means of water sprays. By 
this process, the contents of the gases may be reduced down to 
0-2 per cent, of S. An experimental plant has been built at 
Campo Seco, California. 

For this process Young, for the Thiogen Company, has 
obtained the U'S. Ps. 1094656/7, Fr. P. 450786, and the 
Ger. P. 271002. His processes are described in detail in the 
U.S. Res. for 1914, p. 139. 

I.,»ter, Young obtained U.S. P. 1262295 of 1918. In a 
cyclic p'roccss for treating sylphurous fumes, the latter are 
brought into contact with water and the solution is* ticatcd 
with an alkali-eacth (bariuiji) sulphide to produce a mixture of 
sulphur and oxygen-sulplnir* compounds. This mixture is 
^ heated to expel the free sulphur and then reduced with carbon 
tqj regenerate the alkaline-CcWth sulphide. .c 

C. G. Collins, New York (B. P. 152447 of 1519), recovers 
« sulphur from gases obt^fined in the recasting and smelting of 
sulphur-bearing'ores by passing the gases m a dry stjite into 
a cootidg-chambpr maintained at a temperature slightly above 
the condensation-point ol* sulplj^ir, anti then into a condensing- 
chamber at a ‘ lower teiflperjiture, the sulphur depositing on 
collecting material placed thereifi. Tjiis rhat^rial may consist 
of asbestos screens supportcgl upon renfovable fraflTCs. •The 
* tempe*tatflre*of tfie (jobling-chaitibcr^is controlled by varying 
t1*% tpe^d of the Ija^^s by a« fan or other equivalerfT’Jevice, 
the speed'of which caifbe adju.sted. * 
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* * * . ' 

6. Sulphur from Sulphuretted Hydregeu. 

Sulphuretted hydrogen has frequentl;^»becn proposed as f" 
material, for the pro^uclian of free sulphur." Its use has 
become an economical possibility through the Claus process 
for the recovery of sulphur from Leblanc tank-waste {Sulphuric 
Acid and Alkali, vol. ii., p. 9^7t scq., ddition.of 1909). 

For‘gases containing more than i 5 per cent, of suiirhurettcd 
hydrogen, the Chemische Fabrik Rhenania and F. Projahn 
(Ger. P. 298884; B. P. No. 169467 of 1920) claim an 
improvement upon the Claus process. 1 Iris piocess, they 
state, only yields 80 to 85 per cent, of the sulplwr, the 
remainder reacting with the steam, producing a mi.xture of 
H,S and SOj, which escapes. ^ 

’ They therefore proceed in the following way The gase.s, 
after mi.xing them with air, are passed downwffi'ds through a 
layer of bauxite in a cupola at about 330°, the thickness of 
the contact material being of about 30 cm. in order to cool 
the gases to a minimum teniiierature of approximately 200 . 
The main reaction, 

4 0 == H,/') 4 S, 

proceeds most favourably at 300". Tlie injurious .Secondary 
reaction, 

2 H .,0 4 3S = 2H.,S + S 0 ,„ 

" • ' 

is only feeble at 200”, and, in the lower layer of the contact 
material, is largely replaced by the rtaction, 

2H2S + .S02 = 2 H 4 ) + 3 S. , 

It is claflned that a yield of 87 pei«cent. m^y be obtained. » 
The Chein. Keit., 1908, p. 247, states^hat, by the application 
of bauxite as contact-m«ss, in this manner, on the large scale 
sulphur jjp to 5 per cent, could be rpt^vered, whilst an 
experiment on the larger scale^ ^jth titanic iron ore *(B. P. 
25976 of 1906) did not eonfir«i the‘good result^ obtaiued in 
the preliminary e.xperiments. • ‘ , ’ 

Tyers, Hedley» and tlje UnTted Alkali Co. (B. H 25976 of 
190O5 us?^ salt or on^ of titaniitm as jthe catalytic agent in 
the recovery o# su*lilhur frojn H^S. , • , 

Hells'ingtF'r. P. 376534; Gcr. dk ; B. it ?i64‘ 

of I907^rmgs the gases containing I^S into* contact .with a 
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strong*solutiontof SO,^; after the precipitated sulphur has been 
'■deposited, the- liquor is again treated witfl SO^ In order to 
prevent formation of*« colloidal solution of the sulphur set free, 
sulphuric or hydrochloric acid, or a suifable salt, is !iddcd to 
the solution of SO^. « « 

The 47/// Inspector^' Report on Alkali Wo}ks-{iw 1910), 
pp: 23-26, contains a paper by Linder on the oxidation of 
HjS by MnO„ in absence of CO^ and presence of air, the 
result of which is that the presence of free lime (Ca(On)„) is 
favourable to a high yield of free sulphur ; the yield of thio¬ 
sulphate in this case is low, and there is an entire absence of 
MnS and polysulphide. 

Feld (B. P. 3061 of 1909; Amer. 1 '. 985667) produces 
sulphur from and by treating them with compounds 
of a metal (Zn, Mn, or Fe), the sulphide of which is insoluble 
and is decomposed by SO„, either alone or in the presence of 
air or oxidising agents, with formation of fiec S. The process 
is specially adapted for the purification of coal-gas, and 
apparatus is described for that purpose. The .same inventor’s 
Ger. r. 192533 de.scribes several processes for washing H.^S 
out of gases, with recovery of the wa.shing-agent. His Ger. P. 
237607 'describes bringing H.^S and SO,„ mixed with each 
o^thgr or one after the other, into contact with moist or dissolved 
sulphidbs, thiosulphates, or pplythionates of zinc, mangane.se, 
or iron. * 

The same inventor ^B. P. 2719 of 1908; Amor. P. 
927342 of P'eld and Jahl;*Gcr. P. 202349; P'r. P. 387438) 
performs the interaction of M.,S and SO., in the presence of a 
ijiibstance capable of dissolving the liberated sulphur, [wefcrably 
heavy coal-tar oils heated up to 40°. The temperature rises 
above this by the reaction. When thij amount of free sulphur 
reaches 50 TS*60 per cent, the bath is allowed to^cool, the 
crysraflised sfilphur is separated centrifugally, washed with 
stearr^ and the precipittfted sq^ium •sulphate dissolved out by 
the condensation water. • Pure sulj 5 hur is thus obtained. The 
liquid is l^ipt acid, in order tb avoid the ^pimation of thio¬ 
sulphates and polythionic aoids. ^ ^ 

rfew*pAents'of Jns aje : li Ps^ 157 bPi<i>2, I 0 j 47 of 
•'•^rti'Fr. Ps. 4 J 2 Seo, 457^53 ; _Ger. Ps. 272474,'-572475 ; 
U.S* Ps. *10792*91, 11Y7219. They describe obtifnih^ sulphur 
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and sulphates by the alternating treatment of solutions 
of polythionates by ^ gases, vapours, or liquids containingr 
reducing substances (ammonia or sulpK’ir dioxide, or both 
togetherj; and by a quuntity of sulphur dioxide insufficient for 
a complete oxidation of the thiosulphate into polytnionate, so 
that unchanged thiosulphate is always present. 

Fritxsche (B. P. 25454 of. 1911) treats SOj and II.^S 
simultaneously, or in succession, at a temperature of Co” to 70" 
with a liquid in which aluminium hydroxide or basic aluminium 
sulphide is suspended. Soluble acid sulphites are formed, 
which with H^S give a precipitate of sulphur and basic 
sulphate, which latter is regenerated to acid sulphite by means 
of SO., 

BCmelmans (Ger. P. 773'«5) reduces the SQ.j by carbon 
and hydrogen to H„S, dries the latter, mixes it with dry SO, 
and causes the decomposition into H^O and S. 

P'arbenfabriken vorm. I'. Bayer & Co., Leverkusen, Germany 
(B. P. 146141 of 1917), obtain sulphur from hydrogen 
sulphide, or from gases — such as illuminating gas — which 
contain hydrogen sulphide, by mixing with air or oxygen or 
sulphur dioxide and bringing the mixture into contact with 
porous carbon, for example, vegetable or animal charcoal. The 
reaction docs not require any external heat. The sulphur is 
precipitated upon the carbon in the fused state or as jhjjers of 
sulphur, and is removed by sublimation or by extraction with a 
solvent. 

Nordin (Swed. P. 35040) promotes the reaction between 
H^S, SO.,, and water by adding*an acid, cooling, and precipi¬ 
tating tlis sulphur by an electrolyte. 

R. von WaU.her (Ger. P. 262468) treats waste liquids from 
the manufacture of suli^hite-cellulose with a quantity of H^S 
sufficient for decomposing the SO.^ prc.scnt. The sulphur is 
nearly completely precipitated ip the colloid state after 
removing it, the liquid maj,’ be uiilised for other purposes. 

6. Sulphur from'sulphites.' 

> O 

The Farbenfabrikeii vorm. P’ri^dr. Bayer & Co. (Ger. Ps. 
263167, 264920,"265 167 ; Fr.. P. 4597 1 3) obtain julp.hu;'and 
sulphates from solutions containing sqlphi^s and thiosulphates,' 
by adding^'or 4 per cent, of the weight Of the salts) pply- 
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thionatc^, and tjcating'in open vessels ; e.g. a liquid containing 
100 parts sodium tctrathionate, 77 sodiuw bisulphite, and 140 
sodium sulphate. T^?is remains at first cfear when being heated 
to boiling, but .suddenly a strong .‘teparation of sulphur takes 
place, whcftupon the decomposition is quickiy completed, and 
the liquid now contains only sulphate. In order to avoid 
explosions, they prefer converting 2 mol. bisul()hate and l mol. 
normal sulphite, by heating under pressure, into sulphate and 
sulphur, through the quantitatively occurring reaction, 

2 .\'.->ll.S 0 ., + Naj.SOj =. 2 N,%.S 0 ^ + .S + U., 0 . 

Hausen (U.S. P. i 101740) obtains free sulphur and sodium 
sulphate by heating a mixed solution of bisulphatc and sulphite, 
in e.xactly the same manner. 

7 . Sulphur 'xrom the Sulphides of Alkaline Earth Metals. 

The Niirnbcrg Consortium fur cicktroch. Industrie (Ger. P. 
162913) obtains sulphur by treating alkaline earth sulphides 
with chlorine at high temperatures, until the chlorine contained 
in the distillate in the form of sulphuryl chloride .suffices for 
chlorinating the polysulphidc formed, whereupon this is 
decomposed by the sulphuryl chloride in aqueous solutions 
to chlorides and free sulphur. 

’’ L)c[.t,sch Pctrolcum-A.-G. (Ger. P. 339610 of 1918) pass 
steam at 1200“ or above, over the sulphides, which may 
be mixed with carbon. The steam may be mixed in varying 
proportions with a reducing-gas such as methane or hydrogen. 

8. Sulphur from Sulphates of the Alkaline Eartljs. 

P. H. Riesenfeld' gives a resume on therpreparation of 
sulphur from sulphates — 

I. Reductiuii of Kiescrite by Carbon (wifli Alfred Faber).— 
A review of the literature ,on t}ie utilisation of magnesium 
sulphatfe' leads to prcfeien’ce')rcing'given to the proposal of 
Precht^ to reduce kicserite by m'eans of charcoal according 
to the equation 2l\5g.SO^ + C = 2MgO + 2B0j,+ CO^. Experi¬ 
ments showed that, at least in part, reaction occurs Recording to 

' /. pr. Oh-m., 1910, 2, r.ioo, .:i5.(58; J.‘ Chenfi Soc., ic)2l, 2, 
^ 4 b. 4 ' 2 . ‘ . 

^Xbem. Iml, 'i88i, 4, 350. 
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the equation MgSO^ + C = MgO + SO^ ^ CO. ^ Tlius 'tlTe .solid 
residue always contained .sulphur when less than one atomic 
proportion of carbon to magnesium wa«' employed, the be.st 
results being obtained*with 1:110 proportion l i l at 750-850° or 
1-5 ; r at95J°. ynder the.secondition.s, the sulphur u'as obtained 
almost entirely as .sulphur dioxide, with a little free sulphur. 
Contrai^' to what might be expe^:ted, reductionavas not complete 
when greater proportions of carbon were u.scd, probably because 
the molten sulphide then produced surrounded the sulphate and 
protected it from further action. ‘ 

II. Reduction of Gypsum and A?ihyd;-ite by Carbon (with 

Hans Feld).—The reaction between gypsum and carUon .sets 
in below 500°, but very slowly, and is fairly rapid from about 
700° upwards. Under suitable conditions, pure calcium sul¬ 
phide was obtained, approximately according to the equation 
CaSO_|-t-3C = C.rS-h CO,,-F 2CO. Similarly, from strontium 
and barium sulphates, the sulphides were produced, the different 
behaviour of magnesium sulphate being accounted for by a 
consideration of the heats of reaction. The composition of 
the gaseous phase in the former cases is coi.trolled by the 
C : CO : CO., equilibrium, but in the case of magnesium .sulphate 
this is disturbed by the action of sulphur dioxide on carbon 
monoxide. * 

III. The Cakiuni Sulphate- Carbonate liquilibrium' (with 
(Frl.) Italiener and (I'rl.) M. Hes.se).—The equilibrium CaS-f- 
lyO-(-CO.,;^IltCaCOj-F HjS cannot be utilised for the dis¬ 
posal of calcium sulphide obtainrjd by the above redaction, 
since at temperatures, for e.xample 700", at urfiich it is suffi- 

* ciently jjirpidly attained, it favours, the formation of calciurn 
sulphide to a v^ry considcrabFe extent. 

IV. Reduction of Gypsum and AnT^nirite by Gases (with 
Margarete Hesse).—Gypsum was reduced by methane accord¬ 
ing to the equation CaSO^ -F CH^ =„CaS -F OO^ -F sH^O. B-slow 
800°, dehydration of the gypsunl aiot>e occurred, but at 800- 
1000° quantitative reduction appears possible if the action be 
sufficiently prolonged. Above> 1100°, some calcjum o.xidc 
was fy:odi»*«I, probably as a result, of the reaction CaS-FH^O 
= CaO -F H^^.^ T^e cTeduction from Ihjs cquatioo—'that 
excess o# steam would favSur complete ramqval of sulj)huj‘— 
was con&iilWti by experiments at 1200-° and 7300°. ■ Partly 
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in consequence,^howevir, of dissociation of hydrogen sulphide 
f and partly by its reaction with water vapo*r,* the sulphur was 
obtained almost cntjrely as sulphur dioxide or elementary 
sulphur, the laher.predominating vVlien only a slight excess of 
water was (fmployed. ^ ^ 

V. Decomposition of Calcium Sulphide by Steam and the 
Direct Conversion of Gyp\um ti/td Anhydrite into Oxide (with 
Margaretc IIcssc)—Experiments on the action of steam on 
calcium sulphide justified the above assumption of its inter¬ 
mediate formation, the amounts of sulphur dioxide and ele¬ 
mentary sulpliur produced being in agreement with the previous 
results.' It must therefore be possible to convert calcium 
sulphate directly into the oxide by treatment with carbon and 
steam, and experiment showed this to occur at 1200°, but 
more than six times as rapidly at 1300^ Owing to the 
reducing actioh of carbon monoxide and hydrogen on sulphur 
dioxide, elementary sulphur predominated in the product, 
only 50 per cent, being obtained as the dioxide, even when 
850 times the theoretical proportion of steam was employed. 

Sulphur disxide is produced from calcium sulphate by 
Chem. Fabr. vorm. Weiler-tcr Mcer, Ger. P. 307772. A 
mixture of calcium sulphate and calcium sulphide is heated 
above 1000°, whereby sulphur dioxide is fofmed in accordance 
witlT the eriuation 

jCa.SO^ + Ca.S -- 4CaC) + 4.SO,,, • 

Pajaschowski (Rus.s. 1 %. 5464 and 5477 of 1901 ; Chem. 
Zeit., 1902, p. 15) describes the following modifications of the 
process of Ilaranoff and Mildt for obtaining S and -SO^ from 
sulphates. Instead of simfily mining the sulphates with coke, 
he moulds them intq..^briquettes by means of coal-tar, etc., 
which shortens the time of reductioit. Xhc sulphide is de- 
compo.sed by CO.^aJ: a pressure of 2 or 3 atmosphere.s. The 
H.p is ,bcst not passed at .cfhfc through red-hot sulphates, but 
first through^ solution of the%ulpj;i*des, which forms Ca(SH).^ 
and NallS. Then former is converted means of Na^SO^ 
into NaHS, which with CO^ gives H.,S, and*NaHp_g^. Only 
this is cmploye.d for being oxidised by sulf)hates*to S 
^jnd ,S9„. 

P Compare Randell asd Bichowsky,/. C/iem. Soc., 159 . 
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The Verein Chemischer Fabriken MannheiiTiT(B. P. 149663, 
1919)' states that siIlBhur dioxide is volatilised when sulphate**.^ 
of the alkaline earth and magnesium •and ijon sulphates 
are hcatifd at a comp*'ative*ly low temperature tn the presence 
of certain rc^uciog-agents. Preferably, the latter are added 
only in sufficient quantities for the sul^rhates to be reduced 
to the ^Iphite stage ; the reduetion being effected by means 
of metallic iron, other metals capable of being obtained by 
reduction with hydrogen, the lower oxides of these metals, 
or coal. Exce.ss reducing-agent, or sufficient to form sulphide.s, 
may be employed, however, but the process is then performed 
in two stages. The reduction is first effected at abouf 600”, 
and then the sulphur is volatili.sed as sulphur dioxide and 
sulphuric acid, at 900”, in a current of steam and air. When 
excess is used, coal, water-gas, or other rcducing-gas may 
partly replace the metals or their low oxides, and the latter 
may be produced during the actual process from higher oxides. 
The reduction may be carried out in an atmosphere of nitrogen 
or other inert gas, or in a vacuum, and the mtital can be 
recovered from the residual mass by removal of the lime after 
reduction. In examples gypsum, hepatite, and magnesium 
sulphate are “reduced by the methods given above by means of 
iron powder, and won protoxide with evolution of sulghur 
dio.xide. ^ 

Bambach (B. P. 3174, 1914; Ger. P. appl. P30692 ; 
I'r. P. 470652) makes sulphurous acid from alkaline-earth 
sulphates by heating them to redness by contact with a 'burn¬ 
ing mi.xture of gas and air, and further heatitig the residue, 
either b)*a flame containing an excess of air, or by the sue-., 
cessive action (if a reducing haine and oxygen (preferably as 
air). The process may,be applied to ^Iphides, the heated 
material jaeing decomposed by an oxidising flame or by 
air. p , * 

The preparation of sulphur f^om calcium sulphate vPa.s one 
of the German war-time chelnical procssses, and it is said that 
it is still being cyriod out wifn advantage becaust;, it yields 
a sulphur*Srl* 99’95 pef cent, and At a cost smaller than the 
imported material. “ • , , " 

The i^w materials of flie propes^ are/anJiydrous c'dlcKim' '' 
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sulphate and magnesium chloride, both occurring in the potash 
'(jsalt deposits.- , * 

The sulplyite is •mixed with coal and heated in revolving 
furnaces to itoO°; the resulting* calcitim sulphide fe ground 
up and treated with a solution of magncsiuiu chlpride and live 
steam; the sulphuretted hydrogen passes through Claus 
furnaces (bauxite being u.sed .Ib a catalyscr), and the sjjlphur is 
deposite'd there and in the subliming chambers. 

The Badische Anilin- und Soda-Fabrik Gcr. I’s. (A) 301682, 
(B) 302471,'18.11.16, (C) 306312, 24.12.16, are for the 
production of sulphur from calcium sulphate. 

(A') The ga.ses containing sulphur dioxide derived from the 
decomposition of calcium sulphate are mixed with carbon 
monoxide, or gases egntaining carbon monoxide, in presence 
of red-hot coal or coke. 

(B) Instead of, or in addition to, carbon monoxide, oxygen 
or air may be introduced in such excess that the gases, after 
leaving the combustion zone and on entering the reduction- 
chamber, c.imtain an appreciable proportion of oxygen. 

(C) When gypsum is employed for the production of the 
gases, it may be first dehydrated, the air introduced into the 
process 'being also completely dried. The yield of sulphur is 
.practically doubled by this means. 

Reducing Sulpnur to Pine Powder. , 

Apart from sublimed sulphur (see below) very much sulphur 
is reduced to a fine powder by mere grinding and sifting, which 
operation, if performed in the ordinary way, need not be 
,'described here. We sha'I merely mention some spycial pro¬ 
cesses for this purpose. 

A. Walter (Ger. P. 136547) performs the grinding and 
sifting of sulphur in an atmosphere of inert gas, which is made 
to Cif'culate through the apparatus. In this way the formation 
of sparks is avoided, aiid the*sulpb.ir can be reduced to such a 
degree of fineness that it; passed through a sieve of 5000 
meshes per square centimetre.' ' , 

Kohler (Ger. P. 1928 i 5.; Amer. P. 898378) obtftfns sulphur 
in a stSte'of great, fineness by dissolving it in, its own weight 
' 'bf fused naphthabne, and.after cooling, removing the naphthalene 
by« gentle heating' or by extraction with a solvenV. - 
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Estimation ./ thc^Degree of Fineness of Ground Sulphur. 

Since, for the purpose of preventing the grape-disease (the 
Oidium)' the degree oi fineness of ground solphnr is very im¬ 
portant, in ^'range this is ascertained by ChanceVs 
sulphurimeter, shown in Fig. i on a scale of 1:2. 

Tin's is j glass tube sealed at *iie bottom and closed 
at the top by a ground-in glass stopper. It is 23 cmr 
long and 15 mm, wide, and divided into 100“ of | c.c. 
each, beginning from the bottom ; the 100' occupy 
a space of 100 mm. 

If ground sulphur is shaken up with anhydrous 
ether it forms, after settling down, a layer, the height of 
which corresponds to the fineness of th^ powder. The 
sulphur to be tested is passed through a sieve ; 5 grams 
of it are put in the tube, together with ether, filling half 
the tube. The tube is well shaken to break up all 
small lumps, more ether is poured in up to i cm. 
above the degree too, the tube is again shaken^jltid 
placed in a vertical position. When the layer of 
sulphur ceases to subside, its height is read off and 
stated as “ degrees Chancel.” * 

Oixl'nary ground and sifted suljrhur .shows 50" to 
55° Chancel, finer grades 70° to 75“. The fine.st 
grade is obtained not by sifting, but by “ fanning.” 

This “zolfo ventilato” shows 90" po 91° Chancel 
(W'altcr, Chem. Zeit., 1901, 539). • P'or use in vine¬ 
yards the “ flowers ” ought to show at Ica.ft do ' 

Chancel i some demand as much as 175° Chancel. 

II I'rescniu# and P. Beclc {Z. anal. Chem., xlii, 
p. 21) draw attention yj some points necessary to 
observe. ^They reco'mmend the sulphurimcter sold by 
Joh Greiner of Munich, which deviates in 'ts c^ilncn- 
sions from the iirstruments* supijjied b^ French firms. 

These instruments have bced officially adopted by the 
.Swiss Union of Arjalytical Cherflists,' who recommciul 
the foll(jwit.g*way of pr(?cccding for testing the degree of finene.ss 
of the sulphur pntcrrJcd for vitifultural ptlrpo.sds. Five? grams 
taken fr8m a larger .sampfc of tirin;storys, passed through Ef* 

" • Z. anal. Chem., 1906 , 43 ," 760 . . * 
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2-iTim. wire sietc, are introduced into the sulphurimcter. After 

“Xhe air has been driven out of tiie apparatus, it is filled up to 
the 100 mark, by etffcr, closed by jts glass stopper, and placed 
for a shorl^tiirfe into water of 17-5'’. N^ow the contents of the 
tube (which is best wrapped in a woollen clo*h) afe thoroughly 
mixed during one minute by vigorous, long pushes in the 
longitudinal direction ; the sul^hurimeter is then quickly placed 
in a stand in a vertical position, any further shaking is avoided, 
and the place up to which the sulphur reaches is read off This 
operation is repeated ten times, and the mean result taken. 
The following points arc observed for a judgment of the 
quality :— 

1. Sulphur samples with more than 2 per millc of mineral 
admixtures are to be designated as impure. 

2. Tor .siil)limed sulphur 40“, for ground sulphur 60°, for 
blown sulphur 70° Chancel, must be demanded. 

3. Under the microscope the particles of the ground or 
blown sulphur appear angular and sharp - edged, those of 
sublimed sulpjiur rounded, smooth, and frequently cohering by 
fusion in rows. In polari.sed light the former are translucent, 
the latter transparent. Pure ground sulphur is entirely soluble 
in carbon disulphide, sublimed sulphur onl^ partially so. The 
/ollfjwing prescription, founded on Dus.scrrc’s proposals, serves 
for an approximate estimat^n of the percentage of both of 
these modifications in a mixture : 5 giams of the sTilphur are 
introduced into a ChaiK^l sulphuiimetcr, which is then filled 
with pure carbon disulphidd up to the mark. After shaking up 
two or three tunes and settling, the volume of the undissolved 

.'sulphur is read off. Pure ^rounc^ sulphur, owing to its«complete 
solubility in carbe^j disulphide, shows no ‘sediment; but 
sublimed sulphur leaves a residue of amorghous sulphur, who.se 
volume varies bgt^een 24 and 40, and on the average is= 33 
Chancel. In •mixtures of*.sublimed and ground sulphur the 
volume of tjie residue msoluble in^ 5 arbon disulphide is between 
8 and 21, and avjeragcJ i3»Chancel. 

The some Union recommend tljc ^following rules for esti- 
majing the sulphur in mijWures, especially those, mlendcd for 
,,dusting on grape-vkie.s. U the sulpljur is grCund,«and there are no 
other substanfe^pr^senb which arc soluble in cart on disulphide, 
thb sample is extracted by carbon disulphide in a Soxhlet 
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apparatus, it the sample contains sublimed sulphur, the follow¬ 
ing method (worked'opt by Dusserre) usually yields the desired, 
result, on the supposition that there are wo substances present 
which ail: insoluble in •water, alcohol, and ether,.and which are 
also volatile.. Tec grams of the powder are mixed with so much 
hydrochloric acid that the copper salts, lime, sodium carbonate, 
etc., are.dissolved. It is then filtered through Asbestos, washed 
several times with cold water, then with alcohol, and Ll^tly with 
a little ether, whereby soap, resin, etc., are removed. The 
residue remaining on the asbestos filter, which contains only 
sulphur and the insoluble portions of the powder (talcum, china 
clay, etc.), is placed in a platinum crucible, dried in a water 
oven, weighed, ignited, and reweighed. The difference between 
the two weighings indicates the percentage of sulphur. 

Beflning of Sulphur; Roll and Block Sulphur. 

A few modern improvements of these well-known operations 
may be mentioned. 

Boude et fils (Fr. P. 408512) describe the i^c.T.tifacture of 
sulphur cast into mould.s, by distilling the crude sulphur from 
a cast-iron retort into a cast-iron condenser, surrounded by a 
fire-space, and connected with a .second condenser. The con¬ 
densed sulphur flows from the first into the second cond^'lser.) 
and from J;his into the moulds. • 

The purification of sulphur is claimed by J. J. Hood (B. P. 
1408/^4), the sulphur being melt»d and filtered tlvough 
precipitated and ignited tri-hydj-ate* of alumina, or precipitated 
. and ignited magnesia. Alternatively, bauxite or magnesite may 
be used^s a starting material,' Th(! filtering material may b (5 
regenerated by "passing steam or a sulphur solvent through it 
and then igniting the residue. Spent oxide may be treated 
with carbon bisulphide or other sulphur solvpr^, and the sulphur 
solution then filtered through ignited bauxite •or magnesite. 
The filtering material may regenerated as abov«. 

• 

t • 

' FioTMers of Sulphur. 

It is unnecfs.sarjr to TJcscribe the weW-)jnown operatioh of 
obtaining flowers of sulphu?by thg prpcesj»of,sublimatioTi in its** 
old form,'./uL' we must mention recent improvfcme’nts in this line. 
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^ Walter (Gc». P. 177281 ; Amer. P. S73812) manufactures 
Viewers of sulphur, not in the ordinary.way of aspirating the 
vapours from the retflrt by an inert gas and allowing them to 
condense ^n cooling-chambers (which fields various degrees 
of fineness, according to tlie distance fron*' that retort), but 
by driving on the g^scs, by means of a fan, through the 
coolers so that ^he gases and'vapours are thoroughly mixed, 
and the'sulphur vapour is ultimately condensed in the state 
of uniform fineness, without drops and stalactites, of which, by 
the old process, sometimes 30 or 40 per cent, of the sulphur 
are found near the retorts. This product is .sold as “ zolfo 
ventilate.” 

The .same inventor (Gcr. P. 192472) obtains both melted 
sulphur and flowers of sulphur directly from the ore by passing 
it continuously through a vertical cylinder, together with hot 
inert gases {i.e. smoke gases), and drawing off the vapours. 
The inert gases may have a temperature of only 150” in the 
upper part, but about 350^ in the lower part of the cylinder. 

Boude-et fils (Fr. P. 361874), in the production of flowers 
of sulphur, arrange, for each subliming furnace, two cooling- 
chambers, so that each of them can be emptied without inter¬ 
rupting t'nc work. 

The same firm (I'r. P. 369089) provide the sublimation 
chambers with arches, rangeej perpendicularly to the bieadth of 
the chamber, rising to the right and left of the inlet ojrening for 
the sulphur vapour. , 

Basse-Courbet (Fr. P. 366280), in working sulphur minerals 
containing arseliic for flowers of sulphur, continually draws the , 
Jion-condensing gas away from t]ie chamber by meau9;of a fan. 

Dementieff (Fr. JP. 351981) introduces sfclphur vapours, 

. together with steam or sprayed wate«, under pressure, into a 
chamber where t|)e sulphur is at once conden.sed in a,,very fine 
stafe of division. . • 

Cpiisoli (B. P. 875^ of V902 ,* Fr. P. 316226) sublimes 
sulphur by a'contjnuou 4 process in a battery of several retorts, 
fed with welted sulphur. , ’ > 

Bert (Fr. P. 401023) effects the continuous sijblmiaflon of 

• .sulphuf by means of an apparatus ^compri.?ing *. hopper, from 
' which'the cruder mVterial is automatically fed into a ve.ssel, 

heated by waste hcaf, in which it is melted, t^e^npurities 
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being deposited and removed, the liquid sulphui>rising thfough 
a filtering device inTiuersed in the liquid. The nearly pure, 
sulphur then passes to tubular retorts of thin ^teel or iron, 
the surface of which fhay be suitably protected, fr^ni which 
the sulphur vmpour passes to the collecting chambers through 
condensers cooled by water. , 

A. li* Scott and A. Meyer ^Fr. P. 4392^8) prevent the 
formation of crystallised or solid sulphur upon the lloi'r of the 
chamber by subjecting the sulphur vapours, before being 
admitted to the condensing chamber, to a vigorous atomisation 
by a suitable apparatus. 

Fronzes-Diacon ' describes the adultciation and grading of 
sublimed sulphur. The material from the collecting chamber 
is graded into gresil, Cponges, grapilloiiii, and candi, according 
to its degree of fineness. A sample taken froni the floor of 
a chamber contained 32 7 per cent, of sulphur insoluble in 
carbon bisulphide, whilst another of equal fineness taken from 
the wall at the height of about l m. contained 30 per cent, of 
insoluble sulphur. A third sample, taken at about 2-5 m. 
from one of the vapour inlets, was much coarser, and consisted 
of a mixture of the first three grades. A fourth sample, 
collected about 2 m. from a vapour inlet, was still coarser, and 
consist! d of Sponges containing only 0-3 per cent, of in.solublc 
sulphur ; whilst a .sample of candj collected directly above an 
inlet con-sTsted of large fused mas.scs which were practically 
free from irnsoluble sulphur. The,proportion of in.solublc 
sulphur stood in direct relationship? to the degree of fineness, 
,and this also applied to commercial sublimed 'sulphur. The 
very pu« sublimed product collectnd from the middle of the, 
floor to the chamber pa.s.sed through a ^oo-mesh and (with 
prolonged shaking) through a 240-mesh sieve, and, when 
fractionatgd by partial sifting, yielded three fractions containing 
30-3, 30-5, and 30-3 prer cent, of iniolublc sulprhyf respectively. 

In the case of the .scconc> sample tlii gresil retaineef by a 
100-mesh sieve contained 10-4 pgr cent, the coarse flowers 
retained by a 240-m*esh ^sieve contained 12-5 per pent., and 
the fine 7 io\jers which passes thr»ugh that sieve contained 
15'5 per cent o( inSoluble sulphur. ^A x^egy plurc cbmTnercial 
sample as used in vineyards contained, 28 -,e pjcr cent ins'bliAlc^ * 

' Ann.^alsif, 1916 , 9 , 333-339 ! /• Soc. CHem. Ind., 1917 , P- 33^- 
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^ sulphur. It ps.ssed through a lOO-mcsh sieve, but by treatment 

Hon a 240-mcs'h sieve was separated into <c6arse and fine flowers 
containing re?.pectivd'ly 27-3 and 29-5 per cent, of insoluble 
sulphur. fA coarser commercial prodifct was .sepanifed into 
grdsil (retained by a lOO-mcsh sieve), and coarse and fine 
flowers, containing i6;i, 19-6, and 26-3 per cent, of insoluble 
sulphur respectively; whilst fi badly-made product rof poor 
quality yielded grdsil with 2-3 per cent, coarse flowers with 
4'8 per cent., and fine flowers with 18-7 per cent, of insoluble 
sulphur. In every instance of pure sublimed samples the ratio 
of the insoluble sulphur in the grdsil to that in the coarse 
flowers was less than unity. Any decrease in the proportion 
of insoluble sulphur on keeping is immaterial, since it affects 
all the fractions of the sulphur. The addition of 20 to 25 per 
cent, of ordinary powdered sulphur to sublimed sulphur causes 
this ratio to e.xcecd unity. The insoluble sulphur is determined 
by treating i to 2 grams of the sample with three successive 
portions of carbon bisulphide for thirty minutes each time, 
separatingdhe e.xtracts by centrifuging, and drying the insoluble 
residue in the water oven. 

Special Technical Forms of Sulphur (Colloidal, etc.). 

Sulphur or selenium in a colloidal form is obtained by 
Chemische Fabrik von Heyden (Ger. P. 167664) by pre¬ 
cipitating the sulphur from its solutions in the well-kiiown way 
in the presence of albu.minoid substances, redissolving in a 
weak' solution of alkali and precipitating by alcohol, alcohol- 
ether, or acctoVie. Their Ger. P. 201371 describes dissolving 
.the sulphur in physical scj'ventSi and precipitating it .again by 
dilution with weak^solutions of albumen, ori removing the 
solvent by dialysis or decomposition. The sulphur thus 
obtained is soluble in water and is valuable for ,medicinal 
puiqroses, ;rgainst skin .diseases. Himmclbaucr’ prepares 
colloidkl sulphur by thV; actiqp of gelatine or of colloid silica 
on a solution of sulphuretted hydrogen. Sarason (Ger. Ps. 
216824 gjid 216825) makes'such solutions by acidulating 
solutions of thiosulphates it?, glycerine with addition 6f thkken- 
1 ing'agtnti, r.^.‘gejatine.^ Thp Thomsen‘Chemical Company 
’ '(Gtr. P. 273761) poeparp sulphur in such a form that, when 
' Chem. Zentr., iqoq, 2 , 7qo. 
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suspended in water or other liquids, it is not coagula'ted by 
sulphuric acid. Tfiis is done by grinding it to an extremelj' 
fine state, together with a ^colloid, e.g. 5ft partt; sulphur with a 
.solution of 5 parts gfue in 50 water. Oth’er-suitable colloids 
are: e.xtrac* of«oap-bark, Irish moss, gum tragacanth or gum- 
arabic ; or by grinding the sulphur iq the dry state with the 
colloid'.and then with water. The product thus obtained serves 
for wetting shrubs, for destroying fungi, and (with addition of 
plumbic arseniate) for clestroying insect.s. 

Ducancel et Gouthiere et Cie. (Fr. P. 401067) incorporate 
finely divided sulphur with barium, strontium, or ^calcium 
saccharate, and thereby render it miscible with water,’ for the 
treatment of the vine-disease. 

“ Plastic ’ sulphur, for employment, in agriculture and vini¬ 
culture, is made by Imbert (I'r. P. 4595 34 ) by qdding 0 5 part 
ox-gall to 999-5 sulphur. 

i f cclpitatcd sulphur, as sold for dealing with the vine- 
disease, according to Kulisch,’ has nothing to do with the 
precipitated sulphur used in pharmacy, and ev'-lently comes 
from the coal-gas manufacture. It is a brown or black 
powder, containing 50 per cent, ashes (20 per cent, of which 
is ferric oxide), and only 33 per cent, real sulphur. ' 

Leather-tanning by Precipitated Sulphur .—According to 
Apostolo,^ instead of precipitatyig the sulphur on the Feather 
fiom soSium thiosulphate by the addition of acids, the leather 
may be dipped in a liquid holding in,suspen.sion the sulphur pre¬ 
cipitated from thiosulphate b)* thd gradual addition of an acid. 
After ten or twelve hours’ treatment, white, ve’ry soft leather is 
obtained, holding for too pajts fro.n 2 5 to 3-5 parts of .sulph^fr 
in a state of a^.sorption, and stable in wargj, but not in cold water. 

• 

• Technical Analysis of Commercial, Sulphur. 

Cf. the tests for the^degree tfjit^encss, supra, p. 5^1. 

Estiniation of. Moisture. 

In rte^case of ftngrpund brimstone it is seldom necessary 
to c-stimatj; the moistyre ; but where water has been added 
purpo.sely, osfjy afeidentaj exposure,to rain, it' is then hecessary • 
to do sa^ It is not .so simple an operation as it looks’ siflc/it 

‘ Z.angew. Chem., 1914, 2, 415. 2 Ann. Chim. 'anal., 191.,, t 124. 
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IS harcfly possible to preserve the sample without loss of 

moisture. In the case of coarse sulphur^ t'lie sample must be 
crushed as quicl^ly as fiossible, only quite coarsely, and at least 
100 grams jurist be employed for the esUmation of mpisturc. 
In case of ground sulphur it is, of cour.se, tnuck easier to 
obtain an average sample, even of less size. 

According to'Frescnius and Beck,' the drying should be 
performed only during a short time, and at not more than 70°. 

Estimation of the Total Sulphur. 

Mac^gno" proposed the direct estimation of sulphur by 
means of its solubility in carbon disulphide.® Pfeiffer'' has re¬ 
investigated this matter and given the following prescriptions for 
this method:—Shake awaighed sample of powdered sulphur with 
exactly four tiipcs the quantity of pure carbon disulphide, filter, 
reduce the temperature to l 5°, and ascertain the specific gravity 
of the solution. The following table (abridged from the original) 
shows the number of parts of sulphur dissolved by 100 parts by 
weight of CS~^t 15^ for various specific gravities found :— 


1 




1 


1 

Sulphur 

Spocil’ic 

Hiilpliiir 

' Spcfilif 

Siil[i]im' 

K'HVif.y, 

(llHSOlVCtl. 

(ll.-Ull.J. 

dissoKctl. 


tiissuhi'ii. 


0 

1-3087 

8-5 

1 I-3t2fi 

17-0 

'•2731 

0-5 

1-3108 

9-0 

1-3445 

17-5 

1-2754 

I-O 

1-^129 

' 9-5 

1-3463 

j8.o 

1-2779 

'•5 

I-3I50 

10-0 

1-3481 

18-5 

1-2800 

2-0 

t-3170 

10-5 

1-3500 

19-0 

•■2833. 

2'.'i 

i-3i9cf 

II-O 

' 1-3517 

19-5 

1-2857 

3-0 

l-32It ' 

"-5 

i-353» 

20-0 

1-2870 

3-5 ' 

>•3231 

12-0 

*-3553 

20-5 

I -2894 

4-0 

1-3251 

12-5 

1-3571 

21-0 

«i- 29 i 6 

4-5 

i'327« « 

n-o 

1-3,5-87 

2K-5 

1-2938 

5-0 

1-3291 

13-5 

1-3605 , 

22-0 

r-2</)0 

5'5 

1^3311 

14-0 

1*3622 

22-5 

1-2982 

6-0 

i-333<i 

14-5 

. 1-3640 

23-0 

1-3003 

6-5 

1-3350 

150 

1-5657 

23-5 

1-3024 

7-0 i 

, i-33^>9 

15-5 

1-3674 

r4-o 

i-SoftS* 

7-5'. 

1-3388 r 

l6-o 

1-3692 

24-5 

1-3066 « 

• 

8-0 1 

t 

1-3408 ‘ 

16-S. 

« 

1-3709 

25.0 


^ d. anal. C/iem., 42, 21. ' ^ 2 chem. News, 43, 192. 

•’ F. li. Caipenter (/. Soc. Chem. Ind., 19,02, p! 852) points out that 
crude sulphur sometimes containr a large quantity of gy^suffi, which 
jnte,rferis with »!ie cai*bon-tlreulphide treatment. ‘ In swell cases' the calcium 
sylj^hate tijjjst be previousT^ remdved by boikng with hydrofhloric c.cid. 

< Z. anorg. Chetp.,'!^, f94, '.ind'Lunge, Chem. techn. Unl^uehungs- 
methoikn,, 1,' 240. 
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The same subject is again treated by F. I'uchs. His_^ 
figures are slightly 9 i^fcre^t from those obtained by Pfeiffer in 
Lunge's laboratory. ^ * , 

Ceriiti" places i dr 2 grams of the cornfncfciaUsulphur on 
a filter, dri«.s afr lOo" and weighs, gradually adds 50 c.c. of 
aniline (boiling-point 180° to 185 ) hfated to 120" to 130'', 
and collects the filtrate. The* filter is washed with aniline, 
dried at 100° and reweighed, thus showing the amount of 
impurities insoluble in aniline. The filtrate is mixed with 
hydrochloric acid, allowed to cool, the precipitate then forming 
is washed on a weighed filter, dried in a vacuum ov,pr con¬ 
centrated sulphuric acid, and thus the real S present is found. 

Giuseppe Anelli'^' states that the various methods for 
estimating sulphur in the crude products containing bitumen 
consist in oxidising the sulphur to sulphuric acid, the bitumen 
being estimated by difference. He has investigated the 
method in which the oxidation is effected by means of fuming 
nitric acid in sealed tubes, and finds that this procedure always 
gives results in excess of the theoictical values, tl’;-divergence 
varying with the nature of the glass of the sealed tubes, and 
amounting, in some cases, to 6 per cent. These results are 
found to be due to action of the sulphuric acid formed on the 
glass, but no satisfactory correction could be applied fgf the 
silicic acid dissolved. When at\, organic compound containing 
a limited proportion of sulphur is being analysed, the error 
produced in the above manner is negligible, although somewhat 
high values arc usually obtained. ' With sulphur itself or with 
, compounds containing much sulphur, barium nitrate in slight 
excess «ver the theoretical aijiount Anust be introduced into tht 
Carius tubes \fith the nitric acid. y 

M. G. Levi * examined the methods proposed for estimating ‘ 
the sulfihur in crude brimstone, especially^ iu Sicilian sulphur 
containing bituminous impurities.*. " 

The method of Cariu^^id sot yield exact results, nor did 
combustion in a current of o.xygen, which is quite suitable 
for purer forms of si^lp^ur. Better results were obtained by 
• ♦ 

' /?. angew. CArnt, 189^, p. 1189. 

^ CA^m. Zeutr., 1904, p. 6^5. * ' , . , 

® Gasz'>ita, 1911, 41, 334-341 ; j' Chim. . 9 jc.,. I9i«, 2, 533. 

* Ann. Chim., 1915, pp. 9-31 ; /. Soc, Cheni. Im/., 1915, p. s8j?. 

* • » . . 
t • . 
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the method of (Fresenms and Beck/ viz. heating lo grams a 
little over 200° in order to volatilise the pifiphur, weighing the 
residue and e;itimatitig the bitumen contained therein by 
reducing it ,to ashes. liixact results are obtained by i^eans of 
nitric acid and bromine when proceeding in the following way;— 
Place 2 grams of .sulphur in a too c.c. flask connected by a 
ground-glass stoibpcr with a refiux cooler. Place the flask in 
an inclined position in cold water, and introduce 10 c.c. fuming 
sulphuric acid, and then 5 drops of bromine through the reflux 
tube. Shake the flask from time to time until most of the 
sulphur^and of the bromine is dissolved. Add another 5 c.c. 
nitric acid, heat on the water-bath for half an hour, dip the 
flask into cold water, add 50 c.c. of water in small portions 
through the reflux tube,, and precipitate the sulphuric acid 
formed as barium sulphate in the well-known way. In the 
case of low-grade sulphur, the sulphur mu.st be extracted from 
the .sample by carbon disulphide and then tested as above. 

Berger" pours 10 c.c. of fuming nitric acid over o-i to 
0-2 gram of^lie substance, adds 0-5 to l-o gram potassium 
bromide, allows to stand for a few minutes, evaporates to 
dryness, treats the residue a few times with hydrochloric acid, 
takes it 'up with water, and estimates the sulphuric acid 
formsd by precipitation with barium chloride. 

Estimation of the Impurities of Sulphur.—Bituminous sub¬ 
stances are most easily recognised by the colour* of the 
sulphur; they occur chiefly in sulphur made from spent oxide 
of gasworles, which is .sometimes coloured quite black. 
Peratoner® founE in ordinary crude Sicilian brimstone 0 03 to 
»44 per cent., but even in so-called “dark brimstone'' not 
above 5 to 8 per cent^itumen. • 

Durier'* describes an adulterant «employcd for ground 
sulphur, consisting- of infusorial earth, which can tje easily 
detettOd by chemical or mi«roscopical methods. It contains 
about, 7*^ per cent, silicd, and ,vield9 at least 80 per cent. ash. 
As sulphur contains at most, 2 per cent, ash, its incineration 
will reveal fjie adulteration ; also microscopical examination of 

Z^auol. Chem., 4a, 21. ' * 

. « , ^ Qtmples rend, {j3, ilio. ' « *’ 

** C/tem. Zerpr.' ,19119, a," 479 ’- ^ 

, 4 iin. falsi/., 37, 584; Abstr. Amer. C/iem. Soc., 1912, 535. 
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the original material or the ash will ‘show /ihe prcsdlice of 
diatoms. •, 

R. V. Hasslinger^ states that allcomrnercial sulphur, 
whethcT- distilled or r«cryst*allised, deposits, on .boilhig, a black 
precipitate,»whiiji contains only carbon and iron. This pre¬ 
cipitate is insoluble in sulphur and all solvents for sulphur, 
is not identical with so-callec^ “black sulpliur,” and can be 
artificially prepared by distilling pure sulphur—obtalTied from 
sulphuretted hydrogen—with iron and hydrocarbons. 


Estimation of Arsoiic. '■ 

Arsenic in brimstone occurs mostly as As.^S.j, but some- 
tiines also partly as A.s.^O.^, or, exceptionally, as calcium or 
ferric ar.senite; it occurs more especially in that recovered 
from alkali -'works, in the form of arsenious sulphide. On 
extracting the brimstone with disulphide of carbon, the As.^S^ 
remains behind and can be estimated. 

A qualitative reaction for arsenic consists in agitating i gram 
sulphur with 15 drops liquor ammonia and 2 c.c. water for 
half an hour, filtering, adding to the filtrate 30 drops of 
hydrochloric acid and 15 drops solution of oxalic add, placing 
a brigiit piece of tra.ss in the solution and heating to from 60° 
to 100 ; in the presence of ari^nic the brass is stained grey 
or blackT^ 

Steep proceeds as follows :—Ho, extracts 200 grams of the 
sample during two hours in. a “paper filter in the Soxhlet 
apparatus with carbon disulphide, withdraws Ihe paper filter, 
allows 4 he CS^ to evaporate,^scrap^s out the residue, heats tlss 
with 50 c.c. stfong nitric acid till all acid j# driven off, adds i c.c. 
strong hydrochloric aciJ and, after a few minutes, 5 c.c. warm -• 
water, fjters into a test-tube, washes the insoluble residue with 
a little water, adds to the solutioi* 20 c.c. strculg hydrochloric 
acid, I or 2 c.c. of a fairly concentrated solution of stannous 
chloride in hydrochloric acid, and, lastly, 3 c.c. of strong sulphuric 
acid, heats gently arfd^aljows to stand over-night. Jf As or Sc 
• 

' Moiiatsfl. f. Cheij^, iQt'O, 24 (9), 729-736«; J- O'er. Che^n. iftd.} 1903, 
p. 1291., * • “ ’ ’ ’ 

^ H.ager, Pharm. /.entrath.^ 1884, pp. 363 a«fd 4^3., 

* Chem. News, 86, 135. • ' 
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(insoluble in Ch^) is prfiscnt, a dark-brown precipitate is formed, 
*’J'his is filtered through asbestos (purified lj)*aqua regia), washed 
and dried at ioo°, tra<isferrcd to a hard-glass tube, 7 mm. bore, 
closed at one ejnd.; the tube is thhn diriwn out immediately 
above the cJintents to 1 - 5 mm. bore for a longtli,of aJiout'.So mm. 
The bulb portion, containing the asbestos, etc., is heated to 
redness in a UiRisen flame. «A.s and Se are driven,off and 
condensc^in the narrow part of the tube. Se appears in both 
the black and the red modification, and is at once identified by 
its characteristic odour; As is found by heating the sublimate in 
a current of air, when As., 0 ., forms a ring of glistening crystals, 
or, in tfie pre.sence of traces of water, globules of a solution of 
oxide. If no selenium is found here, it may be sought for in 
the CS., solution, by distjlling off the CS^, oxidising the mass of 
sulphur by means of fuming nitric acid [no mean task with 200 
grams sulphur!], filtering through asbestos, evaporating the 
filtrate till strong white fumes of sulphuiic acid appear, and 
then reducing with SnCl.„ etc, as above. 

Brand ’ ^prefers the method of Gutzeit, which he carries 
out as follows:—He digests 5 grams sulphur, etc., with 25 c.c. 
dilute ammoniacal liquor (1:3) during a quarter of an hour, 
filters, washes the filter with a little water, evaporates the 
solution to dryness, pours a few drops of m’tric acid over the 
residue, dries in a porcelain dish, dissolves in 8 to 10 c.c, 
dilute sulphuric acid, pours into a large test-tube, containing .a 
few pieces of pure zinc, puts a loo.se plug of cotton-wool into 
the iKfck of the tube and« on this a piece of filter-paper, 
moistened with sa drop of concentrated silver-nitrate solution 
(/ : l). The moistened sp(},t is coloured lemon-yellow, fjiore or 
less quickly, accordinjj^to the quantity of arsenic ii'rescnt, and on 
addition of water turns black. In the.pase of brimstone rolls, 
intended for sulphurising hops, no sensible cbloration ought to 
takeopkice vvitlwn a q'uarter o(,an hour. He suggests testing, by 
this method, all samples of sulphus intended for preserving 
articles of food ' 

In a communication to the' /, of Eng. Chan., 1920, 12, 
pp. 479-480, Chem. Trade /., 1930,‘p. ’41 1, H. S.'arfti M. D. 
Davii dtscifss the various methods proposed for, the detection 
'of smaK quantities of arsenje in sulphur. The method as 
. C/nm. /.enir., 1908, p. 762. 
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described by Schappi,'which rests upAn the assumption" that 
any arsenic in sulplwj' is present as sulphide, consists essentially*' 
in first digesting the sulphur with dilute nitric acid for the 
purposif of removing.calcitim chloride, sulphatp, and sulphide. 
The sufphit^ witched free from acid is now treateef with dilute 
ammonia solution for fifteen minutes at 70° to 80". The 
arsenic is then estimated indi*cctly through •determination of 
the amount of sulphide by precipitation with silver .Titrate in 
neutral solution. 

Schappi endeavoured to test the accuracy of his method 
by dissolving known amounts of pure arsenious sulphide in 
ammonia solution, carefully neutralising with nitric ac^d, and 
titrating with decinormal silver nitrate, using chromate as 
indicator. His results showed fairly good agreement between 
the <iuantities of arsenic taken and those found. However, 
his results would have been conclusive only if the arsenious 
sulphide had been added to the sulphur and the mi.\ture tested 
by his method. Any other sulphide, if present in the ammonia 
solution, would also be prcciintatcd by the silver jiitrate. It 
is now found that sulphur continuously reacts with dilute 
ammonia at 70“ to 80 to form sulphides, so that even arscnic- 
frcc sulphur will give a qualitative test for arsenic by this 
method, • 

The sulphur used in the present experiments was obtaineci 
from Texas deposits, and was found to be absolutely free from 
arsenic when tested by the Gutzeit^method, as described later 
in this paper. Ten grams of a representative sample, poVdered 
to pass a 160 mesh, were digested with 25 <*c. of hot water, 
to whicj^i 0 4 c.c. concentrated nitrjp acid was added. It w^ 
then washed free from acid *and sulphides and digested witR 
25 c.c. water and o-^ c.c. ammonium hydroxide (specific 
gravity 0-90) at ’a temperature of 70“ to 80° for fifteen 
minutes. The filtrate was somewhat tiflged "with a .bsight 
yellow colour, and gave ajieavy da'rk-forown precipitate on the 
addition of silver nitrate. *The sulphur was now washed free 
from alkali and sulphides, anfi the extraction rep^eated with 
ammcjpi* solution as Before. Ag^in, the filtrate gave a heavy 
precipitate *on the^addilion of silver nifit^te. • The extraction 
was repeated a third and % four|h time^^ivajhing the %ul)i#liJV< 

* Chem. Ind., 1881, p. 409. ' 



64 ' MATERIALS Of SULPHURIC ACID MANUFACTURE * 

free from alkali and ‘sulphur in each case, and the same 
'nesultswcre obtained. The precipitate with silver nitrate in 
the last extract secrnoil as heavy as that in the first. 

A sample oi flowers of sulphur wlas tf»ted in the same way, 
the extraction with dilute ammonium hydroxicle being Repeated 
three times. The results were the .same as in the case of the 
crude sulphur. * ' « 

To determine whether or not the ammonium hydroxide 
solution really contained arsenic, the first extract from to 
grams of crude sulphur was acidified with hydrochloric acid, a 
crystal of potassium chlorate added, and the solution boiled 
until all the chlorate was decomposed. This solution was 
then tested by Gutzeit’s method for arsenic and none was 
detected. Further, 8 grams of crude sulphur were extracted with 
dilute ammonia at 70° to 80”. The extract was acidified with 
strong nitric acid and evaporated to dryness on a water-bath. 
A few cubic centimetres of concentrated nitric acid were added, 
and it was again evaporated to dryness. The residue was 
dissolved ip water and tested by Gutzeit’s method for arsenic 
with negative results. In a check test, 0^00004 gram of 
arsenic under similar conditions in the Gutzeit apparatus gave 
a well-maa-kcd arsenic stain. 

These experiments indicate that sulphui' reacts with dilute 
ammonium hydroxide at 70° to 80" to form ammonium 
sulphides. This is substantiated by the well-known .fact that 
sulphur readily dissolves ir^ hot solutions of the strong alkalies to 
form i^olysulphides. A sample of arsenic-free sulphur would, 
therefore, contihuc indefinitely to give a test for arsenic by 
Schappi’s method. ^ 

In testing the ‘^Iphur for Arsenic by Gufczeit’s method, 
to grams of the material were treateij with 30 c.c. of carbon 
tetrachloride mixture (3 parts CCl|+2 phrts Br), and after 
standing for ten rnftiutcs 4C^ c.c. strong nitric acid we're added 
in smalf portions (a wateh-glass covadng the beaker during the 
intervals of addition). The mixture was taken to dryness on 
a steam bjith, water was added*, and the svaporation repeated. 
Arsenic was now determined on the' residue by 'die*- Qutzeit 
metliod.' Ft was* foynd advisable to warm the sulphur bromide 
•s'lig+itl/ before adhin^f the'nitpic acitl from a dropping*pipette. 
Tha final cvap'oratlons were carried out directly over a flame. 
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instead of on i water-bath, until sulphur tfioxide fumes 

appeared. By the att«on of the bromine and nitric acid the 
sulphur was completely oxidised to sulphui-fc acid.. The carbon 
tetrachloride was addcd»to moderate the violence of tl>e reaction 
and to prevQiit the precipitation of sulphur. Any excess of 
these reagents was expelled by the finql evaporations. The 
acid solution remaining in the fltftk was now tested for arsenic 
by Gnt/cit’s method. * 

The conclusions arrived at arc that Schappi’s method is 
unreliable, owing to the reaction of sulphur with dilute ammonia 
at 70" to 80° ; but, that the method of testing for arscyic in 
sulphur which consists in oxidising the sulphur with bromine 
and nitric acid and then testing the residue by Gutzeit’s 
method is reliable. , 


Estitnation of Selenium. 


Apart fiom the methods already described, selenium is also 
detected by deflagrating the sulphur with nitrate of potash, 
dissolving in hydiochloric acid, and treating with SO^, which 
precipitates the selenium as a red powder. ^ 

Klason ' states that even 0-5 mg. selenium per litre makes 
sulphuiii. acid useles's for the treatment of materials in paper- 
making, .Sicilian brimstone coiHains about 0-9 gram Se,* 
Japanese brimstone i to 20 grams Se per ton. The selenium’ 


passes over partly into the burner-g|scs and partly into the 
emdens. The higher the temperature, the more Se passes* into 
die burner-gases, but the cinders contain at least Jo per cent, of 
the total ^'jclenium, and in the case of suprous pyrites more than 1 
that. l alun pyrites contains on’an average ^ grams Se per ton, ' 
but sometimes three or fo^ir times as much By his hydriodic 
process, Klason was hble to find 92 per cent, of the selenium 
in the boifing acid, even with quantities of 0*25 qTg. per litres 
To estimate the selenium in cytde'brimstone, this is Blirned 
in a current of oxygen, in a'porcelain boat placed’in a glass 
I m. long, between two asbestos plug.s, which retain the 
c ^ QSiwed ‘almost cofnpletely. The ScO,^ is several times 
s-u imed backwards rand ’forwards, till^ it 1i^ t«rncd*peffectly 

fullv V?,”’ P- '345 ; /. Clhm. •yI4r7^.,,i9i2, 2, 
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white; it is tlfen dissolved out of the tube and the asbestos 

‘plugs by water. The solution is dilute«i*to lOO to 300 c.c. in 
a flask, and fhcn 2' to 10 drops of hydrochloric acid (sp. gr. 
i-iq) are;added.' The flask and its cotitents are heated on a 
water-bath, the air is replaced by CO,„ and *2 t« 5 grams of 
potassium iodide is ajlded. After well corking the flask, it is 
shaken to dissolve the iodiiTc, cooled, and then kapt in the 
dark for one hour. The iodine liberated by the reaction, 

Sc(), + 4HI = Se 4- 2H.,0 + 2l.„ 

is titrated with standard thiosulphate. Care must be taken 
that the hydrochloric acid used is free from chlorine, and that 
the pota.ssiuin iodide contains no iodatc. 

W. Smith' gives tjie following method based on the fact 
that the bromides of sulphur and selenium arc decomposed by 
e.'cccss of cold water according to the equations 2S„llr2-l- 
= II„SO,,-k 3S-f 4H]Ir, and ScHr^-f 3n„0 = Il.^SeO.j411 Br, 
and on the fact that the selenium compound decomposes very 
rapidly as compared with the sulphur compound. When the 
selenium acids (small amounts of selenic acid arc formed by 
oxidation) arc heated with an excess of hydriodic acid they 
arc reduced to selenium, II.,SeO^ + 6111 = 411,0-f-3l„-k Se 
and H,^SeOj-k4HI = 3ll20-k 2l„-kSc. T'ifty grams of the 
powdered sulphur are mixed with about 55 c.c. of bromine, 
and after fifteen minutes the mixture is shaken for one minute, 
with 40 c.c. of bromine^water, the aqueous solution separated 
and ‘filtered, and the sulphur bromide extracted with four further 
quantities of '40 c.c. of bromine water, 2 c.c. of bromine being 
f also added each time, ^he last extract is heated vv^fh hydro¬ 
chloric acid and potassium iodiSe ; if selenium is still present 
the extraction with bromine water continued. The united 
extracts are now boiled, treated with pbtassium sulphite to 
remove bromine, diluted tp about 250 c.c., 15 c.c. of hydro¬ 
chloric acid and 5 gram's of pottKsium iodide are added, the 
mixture is boiled, liberated iodin^ is removed by the addition 
of potassium sulphite solution, and «fter twenty minutes’ 
boiling the selenium is collected, (3ri^d at ioo'’,*am>aveighed. 
Four'saniples'of Japanese sujphur were/ound fo contain:— 

^ ‘4 ^4. a , * 4 

1 J. Ind. C/lsm., 1915, 7, 849-850; /. Chem. Soc., 1915, 2, 
■ 839 -- 
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(i) 0-8 per ccnL As, o-i 52 per cent. Se ; (2) per cent. As, 
0-085 per cent. Se*;*(3) 0-5 per cent. A.s, 0-055 per cent?* 
Se ; and (4) 0-3 per cent, ^s, 0-045 per cent. Sc. Tellurium, 
if present in the .sul(fhur, is estimated with "thd sel*nium, and 
may be scpRratftl by the method described by Erownin'r and 
Flint.' . 

Anah,'sis of Refined S 7 i/p/iur*—S\i\fimY in Slocks o^rolls is 
almost always practically pure; it may be tested for ash, 
arsenic, and selenium as above. 

Flowers of Sulphur is never quite pure unless specially 
washed; it always contains some acid. landafound, up to 
0-283 per cent, ash ; the average of thirty samples was 0-063 
per cent. He also tested the solubility in boiling solution of 
caustic soda of sp. gr. 1-2. This varied from 88 per cent, (in one 
case 68 per cent.) to 99-99 per cent., average 98-04 per cent. 

Domergue " acknowledges only as “ flowers of sulphur” that 
which contains at least 25 per cent, of sulphur insoluble in 
carbon disulphide. Heckcl' agrees to this. Eut the French 
Agricultural Society is of different opinion. On the-one hand, 
the percentage of sulphur insoluble in CS^ in flowers of sulphur 
gradually decreases on keeping, and may sink from 30 or 
35 per cent, to 12 per cent, without being less efficacious 
against vine-disease. On the other hand, mixtures of sublifned. 
.sulphur and ground sulphur, cont«ining but 13 to 15 per cent 
insoluble *n CS,, would pass as the proper article for the vine- 
grower, although they are not so. UomergucO replies tljat he 
asked merely for a iniuiuium o£ 1*2 per cent. S insoluble in 
, in unadulterated flowers of stilphur, but a*! excess over 
that pro^iortion is admissible. • < 


Marcille^ tefts the commercial value of#ublimed sulphur by 
shaking up 5 grains^ in a» Chancel tube with carbon disulphide 
roe from.water and reading off the volume ,of the insoluble 
matter on the division of the ttfhe; the* Chancel degrees 
answer pretty nearly to the'perewitage of S insoluljle in'CSg. 

'/. C/iow. Soc., 1909, 2, e^li,-,,AnTcr.J. .SV/., 1909, 28, 112. 

*ncm, y.eit. Rep., 1905, p. 19, < 

J Acnlr., ifo?, i, 205. 

Ibfi., 190?, 2, 1482. • 

^ Chem. y.enir., 1906, i, 8. 

Ann. C/nm. appl., 10, 101 ; y. atigexv, Cketti., 1906, p. 99." 
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Taurcl and Griffet' treat commercial mixtures of sublimed 
'Sulphur and other forms of sulphur with carbon bisulphide, 
<■ ’ ^ which dissolves the 

" ■ ground or ^ precipi¬ 

tated sulphur, whilst 
the amorphous coat¬ 
ings of the tublimcd 
sulphur globules 
(which constitutefrom 
12 to 33 per cent, of 
the sublimed sulphur) 
remain insoluble; they 
retain their form and 
the apparent volume 
of sublimed sulphur 
is not altered. Weigh 
15 grams of the 
sample into each of 
two graduated tubes 
of equal diameter, one 
of which contains 35 
c.c.of petroleum spirit 
and the other 35 c.c. 
of carbon disulphide. 
Shake gehtly and 
submit both tubes to 
centrifugal action. 
The volume of the 
vi'.. 2. , sediment iiii-thc CS 

V tube gives the volume 

of the .sublimed S present, the volume in the other tube show¬ 
ing the total volume of the mixed sulphurs. , 
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. " ^ ’2. r,VKITl?.S'' 

Pyrites is the indefinite trade name for any iron sulphide. 
What is' called iron-pyrites, in a technical sense, js hardly 

'' Covtph's ntuf., 182-1183 ; y. Chan. Soc , 191 C'p. 533 . 

^ very complete treatise on pyW'cs w.is published iit 1907 by 
P. Trucliot: jyri/h, Pyrites de Per, Pyrites lic Cuivre, Paris, chez 

DiTnod et Pinat. 
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ever pure iron disulphide, FeS,, but cither a «nixlure o*f this 

with gangue, or mc^a frequently at the same time with othei»* 
sulphuretted ores, as shown by numcroul analyses. The iron 
disulphide may be pitsent cither as iron-p/rites psojier or as 
marcasite. S:\\^*iron-pyrites proper crj’staliises in the regular 
system, with parallel hemihedry, proved even on the faces of 
the cubq by striation (Fig. 2 (l^). * 

Resides the cube, the octahedron is frequently* found, 
often modified by the pyritohedron, and, if both are equally 
developed, forming the icosahedron. The combined forms 
IV, V, VI, as well as twin cry.stal.s, frequently occug The 
crystals are often well developed ; but in the ijyrites ii.sed on 
the large scale they are mostly quite indistinct. The 
colour of pure pyrites is greyish yellow, and easily dis¬ 
tinguished from that of copper-pyrites. The micro-crystalline 
pyiites of tiade often shows other colours, even a slate-grey ; 
the powder is brownish black. Its cleavage parallel to the faces 
of the cube is not very pronounced ; the fracture is conchoidal or 
irregular. Hardness 6 to 6J, sp. gr. 4-83 to 5-2. J’urc h'eS. 
contains 46'55 per cent, of iron and 5 3"45 per cent, of sulphur. 

According to Menc, the pyrites from volcanic formations 
contains no water, but that from sedimentary strata both water 
and cla,-. Among* the first he classes the yellow octahodral^ 
pyrites, which is stable in the air,; among the latter the grey 
cubical pyrites, which is easily transformed into ferric sulphate.* 
Some descriptions of pyrites, in consequence of their content 
of water, fly asunder on roasting,^ wifli the force of an e.xplosion ; 

^ this is attributed by Klason® to the pre.sence of zeolites. 

held ,3 on the strength of experiments, explains the forma-* 
bon of the natiral pyrites beds by the a^ion of thiosulphate,* 
in the presence of hydro^jen sulphide, on FeS and S. Only a 
veiy .sm;dl quantity of thiosulphate need bg prese.nt if the 
conditions are favourable for its coi*tinuous refor|fiation. • • 
Maicastte crystallises irf^the/hombfc system, in rho*iiJ>ical 
prisms OT= 106 2' with longitudiit^l faces 1 = lob*’ and r, and 
tie end face p inclintd to at*an angle of 158° 20» It fre- 
quentl>iP<ccurs in twin crj 4 tals, parttaliy united along pne of,the 
laces m, also in,tripVits and ^quadruplets, elc.(Ffg. 3),^n fibrous^ * 

’ rend., 29th April 1867. * 2 Che,/t’. p. ^34 

® Z. an^pre^v. Chem ^ iQio, p. 071. • • 
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bulbous, etc., varieties ; cleavage indistinct; hardness 6 to 6-5 ; 

I5p. gr. 4-65 to 4-88 ; colour grey to yellofr or greenish yellow, 

lighter than iron-pyrites proper; 
powder greetrish dark grey.* Marca- 
site is most fretfaenily found in 
bituminous slate and coal, and 
dc( 5 )mposes even more qui(;kly than 
pyrites, with the formation of ferrous 
sulphate and basic ferric sulphate. 
According to G. VV. Plummer,' the behaviour of marcasiteand 
pyritej towards bismuth chloride proves that both minerals 
contain their iron wholly in the ferrous state, and that their 

formula must hence be,: Fe<(^| . 

Iron-pyrites and marcasite are produced artificially by the 
action of hydrogen sulphide on ferric sulphate solution, the latter 
being first reduced to ferrous sulphate with the separation of 
free sulphur (I'cSO^ + II.,S -I- S = FeS,^ -f H^SO^). This reaction 
takes place at the ordinary temperature, and the dark precipi¬ 
tate is minutely crystalline ; at higher temperature (about 200 ), 
in a scaled tube, distinct crystals arc produced." 

^larcasite when heated at 450’ changbs into iron-pyrites 
with (.Icvelopment of heat; but this change is not reversible, 
and iron-pyrites cannot be changed directly into marcasite. 

Descriptions are givcji of the surface characters of crystals 
of pyHtes and marcasite, a.siseen under a metallographic micro¬ 
scope, by Vikftrr Po-schl.® 

, The characters of the Dices and form of orientation of the ' 
artificially produccd^etched figures suggest thaf the .symmetry 
of pyrites is tctrahcdral-pcntagonal-^odccahedral rather than 
pentagonal-dodecahedral. ‘ 

<Ntimerou9i^det(7rminatiops were made of the hardness of 
natur^ and of artificially cut face.s. * Different crystals, however, 
differ slightly in hardness, and it'is noticed that those which 
arc softer are at the same tithe less dense. The specifically 

“'/. Aunr. C/imn. Sofi, 1911, 33, 1487 ef tcy. 
y,,^ iVas/iin^on A-cad. .SF/'., ;i9li, I, i7o-i)>7; J, fhe»i. Soc., 

1911, 2, 1093. . *. * ‘ 

^ Z. Kryst. Min., 1911, 48, 572-618. 


« 
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lightest and heaviest crystals of each lot experiaaented on were 

analysed, with the fcTllowing results, but no essential differences* 

are shown in chemical composition :— • 

. • • 




k Ni. 

Co. 

Cu. 

s. 

As. 

« 

Total. 

Sp Or. 

I. 

46*02 

0-04 


0-59* 

51-70 

0-93 

99-28 

5-098* 

II. 

* 46-19 

0*07 


0-63 

51-55 

0*78 

99*22 

*- 151 * 

in. 

46-32 

trace 

o*o6 

0*09 

51-78 

1-52 

99-77 

5.078 

IV. 

46* 18 

trace 

0*09 

0*04 

51.90 

1-73 

99.94 

5-113 

V. 

46-07 

0*03 

o*i6 

0*26 

51-83 

1*28 

99-63 

5 o 6 St 

VJ. 

45-98 

0*02 

o-iS 

0*29 

51-95 

1.19 

99-61 

5-ioit 


* Trace Ag. f Trace Mn. 


I. and II., pentagonal-dodecahedral crystals {210} of pyrites 
from Elba; II. and IV., ditto, from •Htittenbcrg, Carinthia ; 
V. and VI., ditto, from Seegraben, near Leoben, Styria. 

G. Sirovich' describes marca.site obtained from Castelnovo 
di Porto, of the following composition ;— 

I’c S. As. .SiO.j. Total. 

46-20 53-25 0-32 0-24 100-01 . 

It occurs in crusts and also in stalactites in the neighbour¬ 
hood of ferruginous springs and natural hydrogen sulphide, 
and is thus .still buing formed by the method of Allen, Cren¬ 
shaw, and Johnstone, which these authors suggested wa 5 re* 
-sponsible^for the natural productitm of this material. 

Detailed investigations on the different behaviour of pyrites 
and marcasite have been published ^y A. 1 *. Brown ■ ^id by 
Stokes ’ and Oknow.* • , 

Pyrrotite —magnetic pyrites—occurs occasionally as six- 
sided ci^'stals belonging to the. hexagonal system, but is usually 
found in globular or compact masses with a platy structure. 
It is softer and turnishtis more readily than ordinary pyrites, 
and is distinguished by its colour, which i.-i ;* bronze-yellow to 
copper-red. It has magnetic pfopcjties, whereas th^ other 
minerals have not such cha»actefi.stic.s. • • 

Pyrrotite does not correspond* with any definite chemical 

' AU^R*Aciad. Linc^, fgiz [5], 2/, 352-354 ; /. C/m/i* Soc., 1912, 
2, 1061. • • • 

o ^ 

C/it’ti. A’eiM, 1895, 71, 13^, atTd following niflnbers. 

* Bulletin U.S, Geol. Sufv.^ No. l8f), 1901. 

^ Metallufffe, 8, 539. 
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formula. Thai derived from meteorites approximately corre¬ 
sponds with FeS ; probably the excess of Sulphur has been lost 
during the hejting of the meteorite. Pyrrotitc is regarded as 
a solid soJ,ution of FeS with a higher iron sulphide, probably 
one of low density, thus generally suggesting Fe^S'^.’ 

Allen {loc. cit.) explains variation in compounds by a solid 
solution of sulphur in ferroiA sulpliidc giving (l'eS)S ; but 
Arbcit(?*' does not agree with this statement, and says that 
lower sulphides are not present. 

Habcrmehl gives FCjS^ as the formula for the variety from 
Bodenmais; whilst Lindstrdm regards Fe^jS;, as representing 
the commonest type. 

In the ores of commerce it is often pre.sent, of the formula 
FCjSg, with 60-5 iron and 39-5 sulphur; colour between brass- 
yellow and copper-red ; hardness 3 5 to 4-5 ; sp. gr. 4-4 to 4-7. 

It is notable that nickel is very often present in magnetic 
pyrites, in some cases up to 5 or 6 per cent. According to 
Mineral Resources of United Stales, there has been a marked 
tendency on the part of manufacturers of sulphuric acid to 
avoid experimenting with pyrrotite ores. Experiments by 
McDowell have shown that, if ground fine, this material is 
quite suitable for manufacture of acid, and that in most cases 
it can now be obtaineil at less price per unit of sulphur than 
is paid for pyrites. Enormqus deposits of this material are 
known in the Eastern United States. 

A new mineral of fhe pyrites group containing both 
nickel*'and cobalt, described by M. Ilenglein,^ is found in 
Miisen, Siegen,’'Westphalia. It occurs as confused aggregates 
ef small cubic crystals, together with quartz, chalybite,t pyrites, 
and copper-pyrites. ^ The colour is steel-grey v. ith a metallic 
lustre, and the streak is greyish-black. The analysis is as 
follows 


Fe 


, . 2 1-22 per cent. 

Ni . .'' 


I'-I 7 „ 

Co 


6-10 „ 

.Sulphur . 


• <-53 » 

Insol 


v «. 3-1 

• • 4 ^ j) 


J f C/iem. SoC; I'9I3, 2,^781. ‘ ’’ 

2 'Chem. Zentr.; i, 193'j. 

i^en/r. Min., 1914, pp. 129-134; /. C/tem. Soc., 1914, 2, 282. 
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A new iron disulphide has been described 4 jy Doss under 
the name of “ melnil\0«vite.” ' * 

The copper-pyrites so often mixed with*iron-pyritcs is distin¬ 
guished'from it by its colour, yellow as brhss; sorj(ctimes as 
gold ; this c#louV modifies that of the iron-pyrites according to 
the degree of admixture. It crystallises in the tetragonal 
system, but in the ores which toncern us ah\ 7 ays occurs in a 
microciystalline form. Its hardness is 3’5 to 4-0, sp. gr. 4-15 
to 4 3. I’ure copper-pyrites of the formula h'cCTiS., should 
contain 30-42 per cent, iron, 34-64 per cent, copper, and 
34 94 per cent, sulphur; but the ores serving for the jnanu- 
facture of sulphuric acid rarely contain beyond 4 [)cr cent, of 
copper. 

An investigation of the calorific value of pyrites has been 
made by Somermeier.^ For pure pyrites (53' 4 5 per cent. S) 
the calorific value of the sulphur contained therein is 4957 
cal. per gram in the calorimeter, where l'e,,0^ -p 680 .^ aq are 
formed, but only 2915 cal. per gram of sulphur on burning 
in the air under ordinary circumstances where FeXb|-|-4S02 
arc formed. From this we may calculate the calorific value 
per gram of pyritcs=lS57 cal. [This determination and 
calculations cannot be considered as quite exact, but only as 
appro.xii-nately correct.] 

H. Kamura^ states that ir<jn-pyritcs is decomposed at 
different temperatures ranging from 400" to 700°, according to 
the decomposition pressure at whiqJi the sulphur vapour is 
given off. From the dccompositibn pressure curve the heat 
absorbed in the decomposition was deduced thermodynamically, 
giving Q, the heat of decompositioii per molecule volume of 
sulphur vapour- formed, as 37,223 cals., ^rresponding to the 
heat value of the cquatir^ 

f 2Fe.S,3= 2FeS-f S._,. » • 

The value of the heat absorbed per ajom of stdphur, c*' con¬ 
versely the heat evolved in«.the •'combination, caq “thercfofe be 
expre,s.scd thermochemically as ^FdS,S gas) = 18,61 i cal.s. 

Tlie^rsl applicaiioit of pyrites for sulphuric-acid “making is 

' ^■■/•prakt. Oeol.^20, 4*53-48 2 ; Chem. Zotir.. 1943, p. ^37.1 ” 

.*c., i9o4k26,*555 ^ . 

Chem. and Met. Eng., 1921, 24,''437; SqZ G/iem. Ind., i^i', 
p. 262A. ^ 
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genertilly ascriljcd to a*Mr Hill, of Deptford, who in i8i8 took 
‘*3Ut a patent for it.' In France, Cldment^Ddsormes .secm.s to 
have made the fir.st proposals and experiments. His trials did 
not, however, .snocced, because he bcUeved it necessary to 
increase the combustibility of pyrites by an addition of coal. 
This is both unnecessary, with properly constructed kiln.s, and 
injurious to thef process, owin;* to the dilution of the gases by 
the carlion dioxide getting into the chambers. Great difficulty 
was e.xpericnccd in lighting the kilns, as it was attempted to do 
this from below, like an ordinary fire. According to a com¬ 
munication from Mr Todd (Government Inspector of Alkali 
Works), a workman of his father’s in Cornwall, in 1830, acci¬ 
dentally discovered the way of lighting the kilns from the top, 
which is practised to t|jis day. The principal merit of intro¬ 
ducing pyrites is, however, due to J’erret & Son, of Chessy, who 
were led to it by the necessity of desulphurising their cuprous 
pyrites previous to getting the copper, and of condensing the 
gas evolved. There was no question then of supplanting the 
Sicilian sylphur generally. Ferret & Son, with the greatest 
care, inquired into all the conditions nece.ssary for a proper 
combustion of the ore ; and to them the honour is due of having 
overcome all the difficulties of this problem, and of having 
ren 4 cred the process technically useful. As’carly as 1833 they 
fiad burnt iron-pyrites successfully ; and in a patent dated 20th 
November 1835 they described their [rroccss, to which their 
partner, Olivier, is said tc\,have given the first impulse. 

Tlfcsc trials at making salphuric acid from pyrites po.s.scsscd, 
however, only local interest; and probably for a long time no 
general attempt to do away with Sicilian brimstone wogld have 
\)een made, but for ^le Neapolitan Government/i in 1838, being 
induced to grant a monopoly for thf. exportation of Sicilian 
sulphur to the Marseilles firm of Taix & Co. This firm at once 
raised the priee oftri-imstonf from ^(5 to .^14 per ton, and thus 
would'have given a fafal blow to the manufacture of artificial 
soda-ash, ju.st' then beginniiig to take a firm hold, if no other 
source of sulphur had been kfiown, and df such an unnatural 
measure could have been errried out' a{ all. But'thdN'.ttempt 
came too 'iate—ejiijt 'after Ferret & Ijon Nad p^roved that the 
]i)’^ itec. occurring.in <i;nost industriaf countries could be'used for 
^ Sqrel attributes this honour to his countrym.an, d’Artigues, in 1793 . 
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vitriol-making without any difficulty. *rhe result wa.s to be 
fore.sccn. Once tl^e^J«scovcry of a new source of sulphur had** 
become a matter of necessity, there were, Within Jwelve months 
from the’rise in the price of*brimstone, fifteenpaKint^taken out 
in England •for'burning pyrites for the purpose of making 
sulphurous acid, and an even larger number for making sulphur 
from pyrites, gypsum, etc. • * 

According to Muspratt’s Chemistry} Thomas Thomson 
was the first in England to point to pyrites in this crisis ; but 
most probably many others at the same time turned to it. So 
much is proved—-that Thomas Farmer, of London, wjjs the 
first in England who employed pyrites on a large scale (in 
1839) for the manufacture of sulphuric acid.^ 

E. K. Muspratt states that his father, in 1839 and 1840, 
used large ejuantities of Wicklow and Welsh pyrites at Liver¬ 
pool and Newton, the cuprous cinders being sent to the Sutton 
Copper Company at St Helens. 

The Sicilian brimstone monopoly certainly did not last 
long ; diplomatic pressure on the part of England soon led to its 
abolition ; and with the lowering of the price of brimstone most 
works at first returned to its employment. But the ice was now 
broken ; it was known that it was possible to make acid without 
Sicilian i)rimstone ; the owners of pyrites-mines took pains to 
advance the use of pyrites by Jow prices ; and thus, in the 
course of* the next twenty years, brimstone was gradually, but 
steadily, driven from its place in »ulpliuric-acid making, in 
proportion as it became dearer. In 1852 brimstone \vas no 
longer u.sed in Lancashire, but on the Tyne 7580 tons of it 
were styi burned. About i860, or*a little after, this proces# ‘ 
ceased, and siiftc that time no alkali haj^ been manufactured 
in Great Britain with th# employment of brimstone, although 
it is employed a good deal even now for the manufacture 
of sulphuric acid. , • • 

The decisive point in*favoi^ of the use of pyritCs, was 
that continually increasing quantities of cuprifercfiis iron-pyrites 
came into ffie market^ from Spain especially (first,in 1859), 
but alif^ from other countries. Tihese had in any case tp be 
* 

^ Vol.^i., p. 

^ Hofman, Report by the Juries^ Internationaf luxTiilittion, 1862, cTlass 
n., Section A, p. 12. • • 
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* 4 % ^ 

burned and thair sulphur expelled before they could be worked 
'for copper. Already with Ferret & Soft this had been the 
stimulus for t|jeir efff)rts; but the use of such pyrites has in¬ 
creased ot\a cftlcSsal scale in consequenee of the opening out of 
the cuprous-pyrites mines in the south of Sfain^ in Portugal, 
and in Norway. In i S67 pyrites had almost entirely supplanted 
brimstone in FYance as a raw^ material for acid-makinsf in the 
large industrial centres.* 

Thus, starting from the use of the ordinary iron-pyrites, that 
of cupriferous iron-pyrites followed ; and to this was added 
the ejnployment of other sulphurous ores and of the inter¬ 
mediate products of smelting—for instance, coppcr-rcgulus 
(“ coarse rnetal ”) at Mansfield and Swansea. 

« 

Sources of Pyrites. 

The principal sources of pyrites will now be enumerated, 
including the cuprous and non-cuprous. 

Some kinds of pyrites contain .so little copper (below one 
per ccnt.).that it cannot be utilised ; and these are included 
with th(^ non-cuprous ore.s. 

In Great Britain. 

’ Great Britain possesses .several deposits of pyrites, but 
none of very great importance. In Cornwall and IJcvonshire 
pyrites of the following composition is found :— 



l•.lttlnson. 

(Maphiim (.S analyses). 

Sulphur .* 

. 27-00 

24-013 to 34-880 

Iron . 

. ^22.69 

27-076 „ 60-676 

Copper 

. 2-00 

0-400 ,, 4^600 

Lead . . ^ 

trace 

0- • „ 7-446 

Zinc 

1-23 

• 0- „ 9-o86 

Lime 

. 0-22 

Gypsuirf 0- „ 0-596 

CarboViate.of tJ«e 


o- .> * 3-579 

Nlagnesia ' 

^ . *0-12 


•Arsenic , . 

0 -% 2 , 

0- „ 1-160 

Insoluble (silica). 

, 45 - 6 o 

2-000 „ 38-676 

Oxygen as Fe.,03 

0-1^ 


Moisture 

^0-64 



• 99-95 , 



• 1 J^apport (in Jury International^ Expos. Univ. de 7, 19. 
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In Ireland tliore are large beds of pyrites, especially ib the 
county of Wicklow ,• and up to about 1862 this Irish ore** 
supplied a very large portion of the pyrifes used in England. 

In I 860, ‘40, 000 tons of it were imported into Ihe.Tyi^ district; 
but in 1^63 *he'importation had fallen to 4000 tons, and the 
production in 1912 was only 1328 tons. It is found in beds 
from 6 to 50 ft. in thickness, wlitch overlie silitcous clay-slate. 
The beds go down to depths of 80 to 100 fathoms. TlTe bulk 
of the ore contains only 30 to 35 per cent, of sulphur. A 
small quantity of richer ore has been found in the valley of 
Ovoca. The Irish ore is too hard and slaty and docs not burn 
well; it requires a great heat, and consequently deep kilns. 

It nearly always contains copper, but rarely sufficient to pay 


for extracting it. 

« 


In Wales (in 

the Cae Coch Mine) pyrites 

is found contain 

ing very little arsenic, and the following are 

analyses of eon 

signments burned at Widnes during the War 

(Duly) 

Suljihur 

31-94 

30-61 

Iron . 

31-26 

341-69 

Silica 

22-54 

21-68 

Alumina . 

3-20 

4-02 

Cop))cr 

•01 

-01 

Lead 

.- - 

-07 

A( enic 

■02 

03 . 

Anfitnony . 

. . -01 


'I'm. . 

•02 


Libinulh 

trace 

ml 

Zinc . 

' ->3 

-0^ 

Cobalt and 

Nickel . -06 - 

-12* 

ManjjMncbc 

•08 

-06 

Lime 

2.82 

3-98 

l^irium 0\i 

lie . .56 

-1 1 

Magnesia * 

• 80# 

-70 

CO, . 

00 

t-n 

4-25 

F.05. . 

*. trace 

-01 

Oxygen 

2.94 ^ 

• 

* 3 - 57 . . 


* • 

m 


too-00 

^lOOOO , 


From the writer’s’experience in the burning of this quality 
of ore, <Ttere* was no troulole in reducing the sulphur to a low 
figure, in Herreshoff burners. ,It is extfeqjiely doilbtfiil, how¬ 
ever, whether such ore wfll compete v^ith.the Sparii6h<,<e»-< 
Norwegian pyrites in normal times. ' * , • 








« * 

78 materi,,jLs (Jf sulphuric acid manufacture ' 

€ , # 

The produC(f.ion of pyrites in the United Kingdom, in 1912, 

Bwas 10,552; in 1913, 11,427; in 19^14, 11,654; I9I5 j 
10.535; in 1916,^0,481; in 1917,8515; in 1919, 7336; 
in 1920,^.659; in 1921, 3945. ' •• 

The i)nportations of foreign pyrites into tireat Britain for 
the years 1914 to 1^18, from the Bluebook (Annual State¬ 
ment of the dVade, etc.) for 1918, pages 31 and 161, were as 
follow?:— 



I'in. 

1 

no. 

• 

Tuns. 

s. 

Tons. 


Norway .... 

106,672 

168,345 

7S,2Si 

125,244 

1' rance .... 

2,056 

1,042 

9,700 

11.399 

Portugal .... 

73,-19 

100,446 

59,143 

98,769 

S|)aiii .... 

604.367 

1,025,172 

751,978 

1,325,780 

Italy. 

7,557 

9,467 


... 

Other Foreign Countries . 

I, luo 

1.350 

4,365 

6,592 

T<,tal. 

794,971 

1,305,822 

903,467 

1,567,784 

Newfoundlaiul and Coast 
Labrador 

8,iO.S 

14,260 



Other British Possessions . 

10 

32 



Total from . 

8,17<S 

14,292 



Tot.il. 

803,1^9 

1,320,114 

903,467 

1.567,784 

K 


I 


« 


11117 . 



Tons. 

« 

^ £. 

Norway .... 
Fiance .... 
I^ortugal > . 

Spaiir . ^ . 

Italy m , . ' . 

Other Foreign. Countries . 

Total. 

24,639 

7,422 

83,506 

819.(65 

11,923 

3 , 04 f- 

561,214 

11,228 

228,768 

1,880,795 

1 6,055 

49,960 

31,096 

77^.5^5 

6(X) 

'59,421 

' 96,795 

2,077,340 

4,470 

949,9961- 

2,213,091 

854,241 

2,338,026 


[Table 
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__i 


• « 

• 

« 

liny. 

’I'olls 

_ f ' 1 

• ^ 

Norwr^' > . . . 

France .... 

rtjrUijj.il .... 

.Spain .... 

Italy. 

Other Foreign Countries 

Total. 

112,889 

28,003 t 
^ 95 ,,Si I 

371, 7'9 

III ,'73 
2,730,516 

836,703 

2,713,40s 


In 1919 the importation was 344,457 tons; for 192*0 and 
1921 the quantities were 630,564 (value i(2,141,951) and 
288,440 (value ,^8 I 8,781) tons respectively. 


In Gertnany. 

The most important Goman pyrites-bed is that of Meggcn 
in the Siegen district, in Westphalia. The ore has not an 
attractive outward appearance ; its colour is slatc-grCy ; but it 
burns very well in the kilns, and it would be even more 
valuable if the zinc contained in it did not prevent its burning 
completely. Here,are analyses made at the Rhcnania Chemical 
Work.s, as furnished to Lunge by R. Hasenclcver in 1902 T— 


• 

'-*r- 

h 

Avpra^r, 

Cangiie 

.Sulphur 

Iron 

Xinc .... 
Lean .... 
Lime . . * . 

Arsenic 

• 

12*02 • 
41-94 

34 -V^ 

7-56 

0.3S 

0-50 
^ trace 

12*96 

43-42 

35 - 5 ^» 

• 5 '^^* 

not cstimale*] 

0*05 

12*0 

40*01043.0 

35-0 

7-0 

0.3 to 0*5 

», 05 

liacc ,, 0-05 

* Tot.il 

97-32 ^ 

-i 

97 . 8 o«ii^ 

:_•_ . 

• 

• • • • 


The average represents*12 per cent. gangue,.?5 percent 
iron-pyrites (FcS.), 1.0-S per cffnt.'zinc-blende (ZnS), togethei 
97 -S- ^ , * 

Juiisch^ quote^ a Tiumber of analyses •of Westphaliar 
pyiite.s,‘by Quincke, f*r flie^ yi?ar i^9J. In thc^e.^.'hii 

r Schivefelsaure-fabrikation, p. 14 rr seq. . * 
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sulphur varied/rom 41 to 46-75 per cen't., iron from 29-55 to 
per cent., zinc from 8-2 to 19-4* per cent., lead from 
0-3 to 1-7 per cent.,varsenic from o-i to 0-2 per cent., besides 
silica, alui^iina,, lime, magnesia, manganese, alkalie.s, and small 
quantities of other substances. z , ' 

The same source quotes analyses of pyrites from Bensberg 
(46-86 per cent. S), Aachen*/(46.o per cent.), Kammelsberg 
(44-6? to 48-4 per cent.), Freiberg (52-20 per cent.). 


5 Philippine pit belonging to the 
Meggen, made in 1898 : — 

Sicilia Mining 

I ron 

34-89 

Zinc ...... 

8.38 

M.ingancsc ... 

0-155 

Cobalt and Niukcl 

0-024 

Load. 

. 0-298 

trace 

AUimina .... 

Liinc ...... 

1-4 1 

Magnesia . . . . 

0-75 

Sulphur ...... 

44-55 

Aibcnic ...... 

0-07 

Carbon dioxide ..... 

1-90 

. trace 

Lhospborus peroxide . 

Gaiij^uc ...... 

5-^3 

Oxy<;en as Sulphate, Tliiosulphate, etc. 

, and 

tirices of other substances 

1-743 

100-000 


The bed of Schvvelm in Westphalia, in the Devonian forma¬ 
tion, has a thickness of from 10 to 33 ft, over a surface of 
^learly 150 acres, and is efevered by rich iron-ore; the pyrites 
itself consists of tworthirds powder mixed with (veil-crystallised 
pieces. The ore contains about 40 per cent, sulphur, and more 
or less cl;iy, vvh,ich is removed by washing ; after I'.his it is 
sold to the vit'ciol-makers, who like it on account of its freedom 
from, arseniq;' Hjelt, liowever, foi^rfd more arsenic in it than 
in Meggen pyrites. 

I he production of pyrites in jii^rmany in^ 1913 was 
268,600 tons; in 1917, 803,700 tqns; in 1919, 381,400 
tons; alnd'in 19201 436,300 tons. ‘ 

' polyt. /., 228 , 283 . 
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'in Austria-Hungary. 

• 

Austria-Hungary ^osscJsscs large beds gt p//rites at 
Schciiinift ai^ S-hmoInitz in Hungary, in Styria, and Tyrol. 
The pyrite.s from Schemnitz contains on an average 47 to 48 
per cent. S, 39 to 40 per cent. 1 *«, 0-58 'per cerft. Cu, 1-5 to 2 
per cent. Zn, besides lead, silver (81 grams per ton), an? gold 
'2.2 grams per ton). Schmdlnitz ore contains 44 to 48 per 
.cent. S, 0-4 to 0-6 per cent. Cu, 2 to 3 per cent. Zn. Juri.sch 
I (from who.se Scinvefeisaure-fabrikation, p. 18, the above is taken) 
quotes an analysis of Schmolnitz pyrite.s with 48-89 per cent. S, 
0-32 per cent. Cu, 0-14 per cent. As; 70,000 or 80,000 tons 
of this pyrites are obtained per annum. 

At Davidsthal, in Bohemia, pyrite.s is found containing 49 
• per cent, of S with 6 per cent, carbon. It is used for manu¬ 
facturing SO,, by the contact process. 

A. l.ifhr ‘ gives crystallographic descriptions of iron-pyrites 
from various Hungarian localities. Crystals (penetrated by 
quartz) from Caungany on analysis by K. Emszt gave :— 

I'''-- A". Kl. S. SlO. Tr)l:i! 

4536 Irai^c 005 51.61 2.84 99.86 

In l)iol pj-rites is found .testing 40-5 to 41-3 per 
cent. .S. • 

In Styria," in the Saun valley, a*number of beds of very 
pure but easily decomposable, pVrites occur in th* clay 
^porphyr)-, with a percentage of 48 to 52 of srilphur. It is 
u.scd in ihe chemical works at Hrastnigg and in Bohemia. 


In Belgiu/^i. 

• • 

In helgtum a rich pyritSs i.s*met with, the gi^at friability 
and softness of which .do not tel» in its favour. The following 
are anal^wcs^if this pyrfteS :— * 


' i5io, 48, ^1-4*42 ; fiioni FotHtani 

^ '•°5-423 ; y. Chew. See., i^ii, 2, 4#.* • 

Hiecll, Z. f if. chent, Grossgen.vcrbe^ 2, 567. 


Kbslofig^ 190 ^ 
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\ _ ♦ _ _± 


i- 

0. 

1 . 

• 

d . 

e. 

/. 

.Sulphur . 

Iron . . * . 

z12*8o 

, 15 - 5 * 

46-20 

45-01 

50-00 

45.60 

3<>-70 

3.S-()0 

40^0 

39-68 

43 - 6 i 

3«-52 

1‘crric oxide . 

7 - 2 j 

4-24 

2-20 

#■ 1 

... 


(Jxygen in ferric oxide . 




0-32 

o-i8 

6-00 

Lead .... 

0-92 

0-65 

0-41 

0-37 



/-inc .... 

U-.|0 


0 22 

i"8o 

1-75 


Arse^/ic .... 

0-20 

0-31 

0-41 

tijce 

trace 

trace 

Thallium 


trace 



Aliimin.r 

ti ace 






Silica .... 

S-S6 

14-90 

9"I0 

12-23 

2-85 

9-00 

( arlionic acid 





<^■73 


Calcium carbonate 

Lin.e . . • . 

0*84 

tl.lCC 


0-25 

0-92 

O-II 

Water .... 

1*46 

056 

0 - 4 .; 

0.25 

0 "lO 

0.36 

'I’otal 

• 99*41 

IO 0 -O 2 

99.46 

99-91 

100-14 

99-59 


{a, b, and c by Clapham in kichardson and Watts’ Chemical 
Technology, \o\. i., part iii., p. 14; d, pyrites from Rodieux 
near Spa ; e, from Santon’s pit on the Meuse, both by Pattinson, 
toe. cit. ; f, by MacCulloch, Chem. News, xxvii., p. 125.) 

The Belgian pyrites is usually only got as a by-product in 
obtaining lead- and zinc-ores in the provinces of Ridge and 
Namur; it is either microcrystalline or crystalline, or in bulbous 
pieces with a concentrically fibrous structure. Its quality 
varies very much. It is mqetly used locally and in the north 
of France. * 

• 

*• In France. 

In /'>rt««'the principal deposits of pyrites arc those of the 
(.Rhone (Chcs.sy and Saii*-Bel) and of the South (Q^rd and 
Arddche). The IPhone beds e.xist on botW banks of the 
Brevenne, a tributary of the Saone, os a width of 4 or 5 miles. 
The bed on the^left bank is that of Ches.sy, about 6 guiles long 
and "several j;ar &5 thick. ,This pyrites is bright yellow, very 
crys.tkilinc and friable.* Whe|j first^ot it contained 4 or 5 per 
cent, of copper ; but the puprous vein has run out, and the 
non-cuprjius ore on this siiJe lias nearly»ceascd to be worked. 
Thf beds on the right banl« are those of Sain-Bel Sr Swurcieux. 
The nortlTcrn ffert/ufnishes a ijiore compact ore than that from 
•tbr^^y. Most of is no«-cupr(fus, but there is akso a vein 
with 4 or 5 per cent, copper; the gangue is mostly sulphate 
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of baryta. Mu'h more important i.s the southern part of this 
bed, the “ ma.sse •Ribost.” The ore is here very rich in^ 
sulphur, green with yellow reflection, and* very friable, so that 
there is almost as muc+i smalls as lumps ; the gamgin^ is almost 
entirely silicifous'. The beds in the south of Trance are more 
numerous, but much less impoitant. "fhe most considerable 
mine is that of Saint-Julien-dc-\^Igalgues, in tlTe Dd-par^pment 
du Card ; there is another mine at Soyons, in the Ardeche, 
The other P'ronch mines are of little importance. A detailed 
de.scription of the French pyrites-mines has been given by 
Girard and Morin.* , 

According to Scheurcr-Kestner,^ the pyrites from Chessy 
and Sain-Bel contains 45 to 48 per cent, of sulphur with very 
little arsenic and selenium ; that from. Chcs.sy also l or 2 
per cent, of copper and zinc. The copper is obtained from 
the cinders, at least at the Chessy works, by allowing them 
to lie for a time and moistening them; the liquid running off 
contains cojiper and zinc sulphates ; and the copper is got 
from it by cementation. Nearly all P'rcnch works, as well 
as tho,se in Alsace and Switzerland, obtain their ore from those 
two pits ; only the works at Card and Marseilles get it from 
Alais, where the pyrites contains 38 to 42 per cent, of sulphur; 
a few f.cctories in the north of I'Tance use Belgian pyrites, 
those in the .south use Spanish pyrites. 

1 he production of pyrites in I'ranee was:—In 1910, 
250,432 tons ; in 191 i, 240,000 tons* in 1919, i 18,703 tons ; 
in 1920, 132,443 tons. ^ * *“ 

^ 'I'he importation into ITance :—1900, 92,000 tons; 1905, 

2 5i,oo<i; 1906, 364,000; 1907, 3^1,000; 1908, 307,000;* 
1909.235,000* 1910,270,000; 1911, 4fo,coo. 

The e.xportation since* 1900 has been nil. 


Italy. 

Italy possesses beds of pyrijes. in several places. Those 
occurring jn ^the provrn<:e,of Bergamo, tested in Vianna,^ are 
composed as follows :— , • 

f * * * * 

Comp/es remi., 1875, 81, wo -yAnn. ftliim. flhvs. [5] 7, 22Q, 

MVurst. 754 /. 2, 138. * • 

^ Wagner’s1879, p. 272. 
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\ t 


( 

Rt‘(l()Ua 

ra.ssp\ ra . 

S. Ciinspppo 

Vallanlica 


quail y. 

quarry. 

pil. 

pit. 

Iron . ^ . • . 

36-29 

*41-72 c 

4S-35 

36-79 

Cojiper .... 

trace 

trace 

2C-07, 

* 1*69 

/inc .... 

tiace 


o-i8‘ 


l.eiid .... 




trace 

Silver . '. 

t 



0*014 

Siilpt.ir*. 


44 - 3 <^ 

30-97 

41-56 

Arsenic .... 

0*53 

0*14 


o*i8 

Alumina .... 

2-37 

1*28 

1*86 

1-25 

Lime .... 

5'S9 

0*88 

1-70 

o-.)7 

Magncsi.a 

0*66 

0-39 

0*14 

010 

.Silica .... 

7-16 

9-68 

10-45 

16*40 

CO„, e.and lU) (by diff.) 

7-78 

>•55 

6-28 

1*646 

Tobd . 

I CO* 00 

100-00 

100*00 

100*00 


In the Val d’ Aosta there arc several mines, some of which 
contain a strongly arsenical pyrites. 

'I'hosc at Erosso, near Ivrea, belonging to Messrs Sclopis & 
Co., yield pyrites containing very little arsenic : present output 
about 20,000 tons per annum. One quality contains 48 or 49 
per cent, of sulphur and 0-2 of arsenic, the other nearly 50 of 
sulphur and only traces of arsenic. It is too explosive for 
burning in lumps, but excellent for burning as smalls. Another 
minp is at Pr6 St Didicr in the same valley. This Ao.sta pyrites 
mostly requires special contrivances for getting rid of the arsenic 
in burning; the cinders are worked for copper, silver, and 
gold. 

Pyrites in quantity is alto found at Agordo (Cadore), Sestri 
Levante, and of very good quality in Sicily. 

The quantity of iron- and copper-pyrites produced in Italy 
for the years 1915,.^ 1921 is as follows:— , 

i!ii.'). wio. vm. I'.Ms. I'.iis. ii'io. 1021 

369,320 410,^90 500,782 482,060 372,474 32*1,589 448,600 Ions. 

« " «■ ’ - 

' . In 'Szvfikn. 

Swedi:h pyrites, from l^'ahlun, varics^bbtween 4^ and 48 per 
cent, of sulphur. This ore is obtained as a by-produJt in the 
jrettingof copper-o.es, and is said to exist irf enormous quantity ; 
biltr'owing to the cfiificulty bf tran.sit, its exportation does not 
pay. It is said to burn well. 
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AiAl^ses of Swedish Pyrites. 



rattinson. 

and Man 

Sulphur 

43-70 


3.8-05 

I roll 

39-01 


42-80 

Copper. 

0-60 

• 


1-50 

Lead . 

0-12 



Zinc . . 

2.57 



Lime .... 

0-85 



Magnesia 

0-69 



Arsenic.... 

trace 



Insoluble 

11-66 


12-16 

O.xygen, as . 

0-2 2 1 

Oxygen 
and loss 

} 5 49 

Water .... 

. 0-20 




99-62 


100-00 


Production of Pyrites in Sivcdcn. 

1913 . 1911 , I'll,'). I'lKi. 1 !I 17 . IMS. 1919 . * 1 'I 20 . 

35.000 34,320 33,313 76.324 97,850 142,660 141,180 108,770 107,326 tons. 


In Norivay. 

• 

III Norway there exist very large ^beds of pyritc.s, many of 
them containing copper, qnd the mineral constitutes on*-af the 
leading exports of the country. Of the man/ pits formerly 
'worked^there, all those had to stop^which produced ores with 
only from 35 If 40 per cent, of sulphur. The richer ores, ever? 
those free from copper, have maintained their position to some 
extent, becau.se they burn well, are easily lighted, keep the 
heat welf, do not “scar,” etc. They are '.ilb^tly’hartj jind 
difficult to break. The ijiost considerable pit 5 are these of 
Ytteroen, which export frVf*Dro*ntheim ; they supply 600*0 to 
8000 tons per arinure Norwe|;iah pyrites contains very little 
arsenic. -Cfber pits eifisf thirty m^es from DronthcTm, on the 
Ilardanger Fjord, ry;ar Bergen, etc. Tha Norwegiaa pyrites is 
more in Tavour*as a .sulphurtore'(although tjoublesome to . 

than as a copper-ore. * • * 
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» ' 
f 

Analyses of Norwegian Pj,ntes. 


« 

\ 

Patt 

ISOIl. ' 

9 

MacCuIlocli. 

VttOKHTi ore. 

DjontliPim ore. 

t . 

11. 

Sulphur . . . 

44 50 ' 

50* Oo 

46-15 

38-17 

'IroKi 

3922 

44-62 

44-20 

32-80 

0 |^[icr 

i*8o 

trace 

1-20 

MO 

Zinc .... 

i-i8 

1-34 

2-10 

2-32 

Lead .... 


trace 



Lime .... 

2-10 

trace 



Calcium carbon.Tle 



2-55 

11-90 

Ma<;rfjsia . 

O-OI 

trace 



^la<’^c^ium caibonale 




i-o8 

Carbonic acid 

1-65 




Ar.senic 




trace 

Insoluble . 

. 9-08 

3-‘5 

3-20 

12-20 

(),\yj;cn, as Fc./)j 

0-45 




Moistuie 

0'i7 

0 20 

0-40 

0-25 

Total 

100* 16 

99-91 

99*8o 

99-S2 


The following information is due to Mr Knudsen, manager 
of the Sulitjelma mine (through Hasenclcver). Norway ex¬ 
ported in 1901 about 90,000 tons pyrites from the following 
pits :— 

Sulitjelma, near liotloe . 35 to 36,000 tons with 45 p.c. suliihtir. 

Killingdal . . . 25,080 „ 43 to 44 jf.c. sulphur. 

Roros, near Trondhjem . 15,000 „ 43 „ 44 „ 

Uossmo „ . '15,000 ,, 48 ,, 50 „ 

By far the*' largest mine is the first mentioned, which has 
(Sufficient ore reserves to last for centuries. It contajns very' 
little arsenic. Muc|j ore, richer in copper and prorer in sulphur, 
is also smelted on the spot. The ore fjom Killingdal and Roros 
is also cuprous^ and that from Bossmo i§ free from copper, 
with traces of«arS 5 tiic. 

t , 

Tht following milled, Foldi^l, Va!.rteigen, and Nudal, give a 
pyrites containing 43 to 44 per cent. S, and at most 2-5 per 
cent. Cu. <• 

The deposits in the Orrng district are estima’ted'at 16 to 
1 8 mikiofi tons, ljuP they have not been, utilised owing to 
£l3»«rf,e of railway»/acilitie% and^ several year's mult elapse 
before, they can be’ worked. 
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Rich deposits have been found in Kongsxfold lljerk-iiin, 

in West Norway, wliich extend over 1600 metres, and arc' 
estimated to contain eight million tons of good owe. 

Sebeljpn ^ makes detailed statements on the pyritc^ industry 
of Norway, of which we give a short abstract. The P'oldalens 
Verk produces pyrites containing on an j^verage 1-85 per cent, 
copper and 46 per cent, sulphur. "The Orong-Grube has 
beds north of Trondhjem, at Ogersviken, and near the Swedish 
frontier at Joma ; the latter yields an ore containing little copper, 
but 44 per cent, sulphur. The Orkla (Company possesses pyrites 
beds in Meldalen, some of which have been worked since the 
17th century for copper, of which the washed pyrites contains 
from 5 to 8 per cent. The Rostvangen Co. has pits at a height 
of 950 to I 300 metres above the sea-level ; the pyrites has been 
worked since 1908. That which is exported contains 2-4 to 
3-4 per cent, copper, 42 to 46 per cent, sulphur ; and, per ton, 
0-3 to 2-0 grams Au and 10 to 80 grams Ag. 

Falkcnberg - discusses in detail the geology and petrography 
of the pyrites beds in South Norway. 


Total Production of Pyrites in Norway. 

% 

i-'i-- ] oir >. 11117. mis. mm. • 

4Ij 4,J26 441,291 414,.S86 513,335 295,354 332,240 312,930 (on.s. 


Production of Cuproics Pyrites in Nonvay. 


1911 . 1915 . 

407,000 462,400 


I’-'io mi 7 . mis. 

257 i 3 oo 269,350 275,850 


• mm. 

267,750 Ions. 


Exports of Cuprous and^Noii-cuprous Pyrites from Nonvay, 



1 mi 3 . i 

mn. 

i 

1 1915 . 

miij. 

* 

mi 7 . 1 

ins. •; 

• 



Ill 

(iermany 
Netherlands 
Sweden 4 

U.K. j 

26,251 j 
40,8921 

46.7731 
8^,5181 

! 

8.750 

60,730 
40,22*), 
112,350] 
9I1700 

_j 

• 

a 

210,450 

. 7.450 

•13^.440 

•75.250 

• 

Soo 

1 10,goo 

21,850 

4 ,iooi 

8,900 

101,700 

50.800 

• ' 

103,700 

94,000 

* j 

4.450 

42 ,? 5 o: 
11,4001 

• J 

1 •-- 

' 3.200 

107,000 
1.320 
73.700 
4*950 


Chem. 19 pf n 191* 
Z. prakt. Geol.^ 1914, p. 105.' 
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*• « I 

The figured for 1913 to 1917 include both cuprous and 
ion-cuprous pyrites^ The figures for 1918 to 1920 include 
only cuf^rous pyrites. Of non-<;uprous pyrites, 37,175 tons 
were exported in 1918, and 39,850 tons were c.^goorted in 
1919. ’ • 

• ' In,Russia. 

In Russia a good many beds of pyrites exist, some of which 
arc utilised for the manufacture of sulphuric acid, especially 
those in the Ural. The Ru.ssian pyrites beds are enumerated 
in Ckent. Trade /., 19ii, xlix., p. 29, and I., p. 71 ; and in 
Eng. and Min. World, 14th October 1911. Pyrites is found 
in Central and South Russia, and in the Caucasus, but most 
of it in the Ural districts, far from the centres of chemical 
industry. It contains about 30 per cent. S and much carbon, 
which makes it unsuitable for the production of sulphuric acid 
by the contact process. The Ural pyrites splits in roasting 
and gives off much dust. In 1908 the production in the 
Ural wa.S' 50,000 tons, in Central Russia 2500 ton.s, in the 
Caucasus about 5000 tons: total, 57.500 tons. 

The production.s, etc., are :— 



Piodlictioii. 

Iini)oitation. , 

Cutihiimption. 

' 1908 


90,000 


1910 

50,000 

^ 110,000 


ly 11 


115,000 

* . 

1912 

130,0(^0 

145,000 

256,000 

According to the Chcni. 

Trade J., 1915, 

p. 489, two beds of 

cuprous pyrites 

have been 

discovered 18 

miles from Rlisa- 


I vetpol, one of which is already worked and yields 'per day 
16 tons ore of 48*10 53 per cent, sulphur, which goes to the 
factories at Baku. 

In Greece. 

^ wording to the Client. Trad(“j., vol. xlvii., 1921, p. 453, 
th, reek pyrites mines near Kassandra on the Chalcidice 
Pen. ulf. are again in full swing, qnd ‘may atta,in an annual 
output of 200,000 tons. 'Since Greere herself requires barely 
500 to.'^‘‘ large quantities will be available fo,r expert. The 
“p^mes is said to , be entirely free from arsenic and to have a 
guaranteed sulphur content of between 48 and 51 per cent. 
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(i?ta rvriu^at, 

• 

Spain and Portugal pQssess the largest known beds of 
pyrites. •Much of it is'cupriferous, and all of it is distinguished 
by its very good behaviour in burners ; so that the burners 
have been built very much low^r for it, and piuch labour is 
saved. This pyrites has only been worked again since , 

but the Romans, and before them the Phoenicians and 
Carthaginians, knew it very well, as is shown by many traces. 
The bed, however, was at that time only worked where it was 
richest in copper. According to Schonichen * all the beds are 
within a belt of 5 leagues width, reaching, parallel to the 
Sierra Morena, from the western frontier of the province of 
Seville, across the hilly country situated to the south of thi.s, 
right through Portugal to the Atlantic Ocean--a distance of 
30 leagues. The prevailing rocks in that country are clay- 
slate and crystalline slates ; but parallel to the granitic tract 
of the Sierra Morena, felsitc-porphyry and quart/.ite have 
broken through the slate, and only in the neighbourhood of 
such dykes are the pyrites-beds found. Their shape is that of 
large lenticular pockets in the metamorphic clay-slate, from 20 
to 36 fathoms thick, and extending to a length of 170 to 260 
fathoms. The whole bed is filled with pure pyrites, withouPany 
visible g^ngue. The ore is in a fcw places found at only i or 2 
fathoms below the surface, undccomposed, and in a sandy state, 
so that it can be got by daylight^work. In other p]aces the 
zone of decomposition reaches from 10 to 50 fathoms down- 
awards. The percentage of copper varies from 2I to 40; but 
oies wn.h more^than 10 per cent, of*copper are only contained, 
in small vertical zones within the large fhasses. Only these 
black ores were the cfbjcct of the mining operations on the 
part of tiie Phoenicians and Roman.s. The qyantity.of pyrites 
existing there is almost ine.xhaustiBle, ajid can certainly supply 
the world’s requirements ef Both copper and sulphur for 
thousands of years to come. • • 

Special .highways, tand latterly also railways, kave been 
made in order to facilitate com*munic<ation, with^ the ports 
of HueJva, Sun tucar dii Gtiadiai»a, and Pomaron ; but a 

* Dingl. polyt. J., 170, 448. ’ 
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great deal of the ore is still conveyed'for some distance by 
^mules. * * 

Of the vayous co*mpanies which had been formed for work¬ 
ing this dire, most have ceased to exist*; and only four or five 
remain, all of them in Ifnglish and French hand’s. *Thc smallest 
of these is tlie lUiitron Pyrites Company, which works the mines 
Qf.Buitron and Podcrosa. d*he Tharsis Sulphur and Copper 
Company posse.sscs much more extensive mines, a railway of its 
own, a wharf at Huelva, and also a number of works in F.ngland 
and Scotland for the wet extraction of the copper from the 
cinders returned to them. The Tharsis ore is very good, 
but very soft, and makes much dust in breaking. The San 
Domingo mine lies in Portuguese territory ; its ore is known 
as Ma.son’s ore, and is considered superior to all others, so that 
it commands a better price. The last, but largest, of these 
companies is the Rio Tinto Company, which has thrown such 
large quantities of pyrites into the Engli.sh market that, from 
1875 to 1876, prices receded by more than one-third. Its 
ore is also of excellent quality. The mines of Carpio and 
Lagunazo, in the province of Huelva, are not ) et worked for 
exportation. 

The Spani.sh (and Portuguese) pyrites never contains less 
than 46 and up to 50 per cent, of sulphur, besides 3 to 4^ per 
cent, of copper, which, howevqr, by most of the English buyers, 
is not bought, but returned in kind to the seller in the shape of 
cinders from the pyrites-burners. The value of the copper (if 
boughf^Tis still fixed by the ^o-callcd “Cornish assay’’—that is, 
a process of dry assaying known only to a few assayers living 
At Redruth and other placer; in Cornwall, the great inaccuracy of 
which is perfectly wWl known to all parties concerned ; it shows, 
for instance, only 2 per cent, if 4 per ^cnt. is actually present; 
and from^ ^this^differcncc the buyer must pay thq cost of 
extracting the*^copper and jVs own profit, since the price to be 
paid.ftr the^ copper in the or( by^Cornish assay is sometimes 
higher than the value of a .similar quantity of copper metal. 
This remykably irrational system has pOt hitherto been done 
away with for sales. 

The* ofe of Tlnj^e* prijicipaL companies»is very similar in 
oonBjWsition ; jts analysis is as foll(?ws :— 
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i 

t- 

* Pattinsoii. 

• 

Claudet 

(Sait 

Doiiiiiil'O 

ore). 

f— 

MaeCullocli 

(Sail 

Donmtgo 

01 e). 



• 

• 




7 ” 

Sulplmr % 

48-00 

49 Co 

44-60 

49-30 

49-00 

49-80 

•Iron . . 

4074 

42-88 

38-70 

41-41 

43-55 

42 88 

(’opper 

3-42 

2-26 

3 - 8 o 

5.81 

3-20 

2 26 

l.eati . 

0-82 

0-52 

048 

0 66 

0 * 1)3 


Zinc . 

trace 

0-10 

0-30 

trace 

0-35 

o-io 

Lime. 

0-21 

0-18 

0-14 

0-14 

0-10 

018 

Magnesia . 

o-o8 

tiacc 

trace 

trace 



'riiallium . 

trace 

llilCC 

trace 

trace 



Aisenic 

0-21 

0-28 

0-26 

0-31 

0-47 

0-28 

Insoluble . 

567 

2-94 

II-IO 

2-00 

0-63 

2-94 

Oxjgen, as I'CuO;} 

0 09 

0-15 

023 

0-25 

1-07 

Moisture 

0-91 

0-95 

0-17 

0-05 

0 70 

0-95 

ToI.rl . 

100-15 

99 86 

99-88 

99 J 3 

100-00 

99 39 


1 he following analyses represent the average quality :— 



Ilio Tinta. 

S. Jionmigo. 

Tll.'llSI!'. 
llai tiott. 

Cumftngp. 

Cm on. 

Ilnistii 
Min. ‘-' 3 . 

Patt.iiisoii. 

Umtlctt « 

Sulphur 

48-00 

50-7 

49-00 

49-90 

49-80 

47-50 

Iron . 

40-00 

41-3 

43-55 

41-41 

43-55 

41-92 

Cop 'er 


3 5 

3*20 

2-46 

3-20 

4-21 

Lean. 

0-J?2 


0-93 

0-98 

0-93 

'•Si 

Zinc . 

trace 


0-35 

0-44 

0-35 

0-22 

Arsenic 

• 

0 ‘ 2 I 


<»47 

0-55 

0-47 

0-38 


A pyrites-mine has been opened iif Spain, called St Mardy 
I into Santarossa. Its prodiKt has *been found tjy Lunge and 
Banziger' to contain 0-8 5 percent, moi.sture, 5 • 20 insoluble, 43 • 87 
sulphur,r42-i2 iron, i-og arsenic, 2-i*5 antimony, 3-17 copper. i 
Some kinds ^)f Spanish pyrites are in bad repute with the 
manufacturers as “ explocive,” or “ detonating,” becau.se they 
decrepitate in the kilns shortly after lighting, vvili loyd detona¬ 
tions, and thereby make so much finq powder thai the burners 
arc stopped up and " scars’’,are ♦formed. The reason oTthis 
detonating property is probably 1^ he sought in the presence of 
hydrated silicates (zeofil^s^ in the ore. Best and th« United 
-■Alkali Co. (B. P. 7915* of 1905) ’subject such pyrites to a 
preliminafy hes^ting'bj means of an apparatus, shown *n the 
specification, before charging^it in the pyrites-burners. 

1 Z. angew. Chem,, 1896, p. 421. 
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kecently hundreds of thousands of Ions of “ leached ores ” 
’ have come into the market from SpdiA, especially Rio Tinto 
and Pomarcyi. These ores are exposed to the weather and 
then washed • with water, in order to* extract the copper, of 
which they retain only o*3 to 0-5 per cent. They test 49 or 50 
per cent, sulphur in,the dry state, but they generally contain 
<»''.t»aut 5 per cent, water. Ri the pyrites-burners they make 
very much dust, as they are very porous and friable. 

According to Hjelt the average percentage of arsenic in 
Spanish ores is 0*91. 

Pyrites with very little or no copper is also found in Spain. 
One of the best descriptions is that of the Aguas Tefiidas mine, 
containing iron 46*60 per cent, sulphur 53*15 per cent, silica 
0*20 per cent, arsenic, copper, selenium, silver and gold trace.s. 
It is sold in the state of lumps and smalls. It burns very 
easily down to 1*0 or 0*5 per cent of sulphur, so that the 
cinders, which contain 68*5 per cent of metallic iron, and no 
copper, phosphorus, lead, or zinc, are very valuable for blast¬ 
furnaces.. The annual sales have exceeded 200,000 ton.s, but 
for some time very little has come into the market owing to an 
accident at the mine. 

H. J. Davis of New York, one of the principal importers of 
pyrites to the United States, gives the following analyses of 
very good, hard Spanish orc^ containing but little copper :— 



, The Idilaw^g figures .show the output of unwashed iron- 
pyrites and cbpper-pyfitci in the district of Huelva in 1915 
anrf 1916 *—* ‘ * 

' * 1915. 1919. 

Ri» Tinto .... ijO%3*95i i,,477,726 

Tharsis . . . ' . . ^69,642 67(5,285 

.Soei6t6 des Pyrites . . _ . 160,7:53 238,255 

United Alkali , .* ■ ' 114,020 t 208,058 

t » • 


* Chem. Trade /, 1917, p, 323. 
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Pena Copper . ^ . 

120,594 

•159,268 

Esperanza Copper . 

81,055 

4',79f 

107,558 

■San Platon 

.62,044 

Huelva Copper , 

• 5'-05g 

. 49,:;76 

OthSir concerns 

(>2,337 

110,580 

Total 

. 2,325,3^8 

3,089,050 


According to the J. Soc. Chem. hid., 1922, p. 2 26 k 7 ‘the 
sales of pyrites produced in the Spanish province of Huelva 
amounted to 671,645 metric tons, compared with 754,713 t. 
and 1,698,972 t. in the same period of 1920 and 1913 re¬ 
spectively; sales fell from 3,937,945 in 1913 to 1,509,4261. 
in 1920. This decline of roughly 60 per cent, in the exports 
is due to the economic situation in Europe, and to the develop¬ 
ment of domestic re.sources of sulphur in the United States. 
Germany, although buying smaller quantities, is still the chief 
consumer. The distribution of the exports in 1913 and 1920 
is as follows :— 


Germany and Holland 

1!U3. 

. 1,051,885 

1!)'20 

326,816 

France .... 

487,212 

269,539 

England 

627,229 

504,8 14 

United States 

783,504 

229,850 

TU'lgium • K ' 

oc 

0 

66,201 

Denin.uk 

12,083 

20,465 

Australia 

• , 10,158 

Scandinavia 

3>,338 

3',187 

Other countries 

1^8,964 

7,329 


Ihe consumption in Spain repre.scnts only about 5 ^ci cent, 
of the total sales, viz. 73,371 t. in 1913, and 53,255 t. in 1920. 


S 

Fe 
Cu 

liaSO,. 

SiO, . 

Fc, MgO, and C 

As 

Zn 


45-38 

40^09 

.24 

8-70 

2-55 

.061 

■80 


ordiiiary I’efla washed fi 

les:— 

Mn . * . 

trace 

CaO .... 


Pb . . . . 

• 22 

Pi . 

• 002 

N» and Co . 

• .(37 

H .,0 ! . ^ . 

• .20 

Soluble .Sulphates (O.xygen) 

.•■23 


Owing" to the high pSntent of laarium sulphate the burnt 
cinders from this cljss of ore are of rather»iijferfor quality ; the 
arsenic content* is, however, feirly low.* ,• •, 

The Esperanza Copper and Sulphur Co.,"Ltd., for. thp y«ar 
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19^0 mined ;i,i76'tons of pyrites agiinst 34,729 in 1919; 
the shipments at Huelva being 82,97(5 tons for 1920 against 
33,996 in I c) 19. ‘ 

Enorknous quantities of cuprous pyrites are roasted and 
worked for copper in Spain, without utilising tho sul^phur. 

The total export from Spain in 1913 was 2,858,000 tons, 
aod the production 3,I20,0(X) tons. 

In the Z. angeiv. Chem., 1905, p. 759, the following state¬ 
ments arc niadc on Spanish pyrites. New facilities for shipping 
ore have been provided at Huelva and at .some new railway 
stations. At Huelva in 1904 about two million tons of pyrites 
have been shipped. The Tharsis Co., the Rio Tinto Co., and 
the Buitron Co. have opened out new mines. The Rio Tinto 
Co. was erecting supe.rphosphate works to utili.se the excess of 
their ore. 

According to Reusch' the Rio Tinto Co. has di.scovered 
new beds of pyrites which allow it to maintain the present pro¬ 
duction for another hundred years ; so also has the Tharsis Co, 
which wijl be able to supply .several millions of tons of pyrites 
in excess of what it had counted upon four years previously. 

In the United States of Antcriax. 

The United States of Amci-ica are very rich in pyrites, and 
thc'following information is taken from the Mineral Rcsonrccs 
for 1917 and 1918:— ' , 


PrODHCIION ANIi 

Valhic $ OE PvRirns in 

1917 18 (IN' Loni; Tons). 

T'lS. 


Tdiis. 


Tons. 


California . 


533,501 

111,861 

5«.,54i 

Georgia 


■55.560 

31,31? 

268,797 

Illinois 

21,596 

89,998 

24,369 

85,659 

Ohio . 

IJ,2I8 

29,557 • 

.9,845 

40,215 

Viiginia 

170,382 

1,378,043 

143,427 

841,177 

Other 

115,407 

498,776(a) 

53,204 (<) 

■299,254 

•New York . * . 

• 


63,982 

422,958 

Miwjouri 


... 4^ 

7.674 

69,202 

C^ilorado ♦ . 


• ..♦ 

18,817 

115,712 

Totals . 

• 

• 

462,662 

2*485,435 

.. ... j . A 

,464,494 

2,644,515 

. 


(*) Includes A]:tl>aina, Indiana, Kculucky, Missoi^i, New York, Pennsylvania, South 
Dakota, ^'entessec. a^id ^i^onsin. ^ ^ 

• (<^) I ncludes Al.ihanui, ^-Centuetcy, Pcnnsyl^nia, South C;uc<ma, Sotith Dakota, 
*rei1Wftee, and W'isconsm, • ^ 

^ Chem. 1906, p. 326. 
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The Uni:ed Statel Geological Survey has ..made, anfl is 
making, investigation# the many deposits, and the reader is.' 
referred to the record loc. cit. * 

The States are divided iiTto four main areas.. T.hese are : 
from eas^ to. west, the Appalachian Mountain region ; the 
interior States ; the Rocky Mountain States ; and the Coast 
ranges. • 

Full particulars are given of the deposits in tlie various 
States, with the names of the companies working them. 

Ektel' describes a new occurrence of pyrites, the Chc.statce 
lode, in Lumpkin County, Gainsville, Ga., 30 ft. thick, and 
proved for 250 ft. Composition : 43-52 per cent. S, 39-70 Fe, 
3-09 Cu, 0-72 Zn, 2-53 Al, 0-43 MgO, w As, 9-26 sand, ctc.i 
0-36 moisture. 

The absence of arsenic in most American pyrites (as far as 
it is now worked) is a remarkable feature. 

K. F. Stahl" quotes analyses of American pyrites. No. i 
is from Tallapoo.sa Mine, Georgia, 1882 ; No. 2 from Rogers 
Mine, Paulding County, Dallas, Ga ; No. 3 from. Sulphur 
Mines Co. of Virginia, I.oui.sa County, 1884; No. 4, Peru 
Zinc Co., La Salle, 111 . ; No. 5 from Dodgcville, Wis. ; No. 6, 
from the .same mine as No. 3, 1891 ; No. 7, Davis Sulphur 
Ore 1 .\, Franklin Cbunty, Mass., 1891. 


• 

1. 

2. 

-. 

4 . 

« 

5 . 

.1 

7. 

Water. 

Sulphur 

fciroii 

r,”l'pcr «.. 

/me . 

Caclmiuni 

IllaDluhlc 

Arsenic 

■ 

45*1 

3*1 
» 3*'^ 

O-I 

2-9 

? 

J7-6 

40*6 

5-2 

4-5 

O-OI 

1*5 

? 

' 29 

37*1 
41*5 
0 -() 
0*8 
? 

14*7 

0*02 

c 

50.2 

•» 

43-7 

1-4 

^ '-3 

40.6 

37-3 

I-O 

1-9 

p 

10.5 

tr.ice 

"t?- 

0-8 

42-4 

3.'i-4 

1-4 

5-5 

? 

5-1 

Ir.ice 


We quote from the volumos of the {/ S. Geological •Sr/A'7vj'*thc 
pioduction and imports of pyrites in the United States, in lon<T 

tons of 2 240, lb. :— . 

«' * 

' il.S. deal. Survey />’»//,, No. ’13, p. 62. 

“ Z. angew. 893, p. 54. .* . 
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• 

ifoar. 

Piodtietion. 

» 

Itiiports. 

f * 

« 191* 

299.904 

1,006,310 

; J912 

350.929 

970,785 

1913 

341.3,3s 

850.592 /- 

1914 

3,36.662 

1.026,71a 

1915 

394 iI 24 

964.634 

W16 

425.662 

1,244,662 

1917 

4^,662 

976.340 

1918 

464,494 

498,766 

1919 

420,647 

388,973 

1920 

, 316.777 

332,006 

1921 

157.11.S 

216,229 


In Canada. 

In Canada there are two mines : the Albert mine and the 
Crown mine. They .supplied the first pyrites ii.sed in the 
United States for making oil of vitriol. Sulphur 40-0 per 
cent, iron 35-0, copper 4-0, .silica 20-0. 

The production of pyrites in Canada for the years 1912 to 
1919 is given in the Annual Reports, as below :— 

19,1-'. I'lri. 1911. rii,9. Mill. 

79,700 158,566 224,95s 296,910 509,411 

1917. HIM. 1919. ]i|_>ll, 

413,69s 416.649 177.4S7 174.744 

The average per cent, of sulphur for 1917 was 37-2 
*The average per cent, of sulphur for 1918 was 38-0. 

The average per cent, of sulphur for 1920 was 38-7. 

The e.sports of pyrites from Canada as shown in the 
Annual Reports arc as follows, along with the value :— 
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A special pamphletlon pyrites in Canada has keen publislred 
by A. W. G. Wilson, M 1912, at Ottawa. 


about 7,000,000 tons :— * 



V 



United States .... 


1,300,000 

Germany ..... 


1,200,000 

(ircat IJritain and Ireland .♦ 


8to,ooo 

France ... 


700,000 

Other Counlrie.s .... 


2,990,000 

Total . 


7,000,000 


Price of Pyrites. 

The price paid for pyrites in the Phvglish trade is usually 
based on the actual sulphur content as found by analysis of 
the ore. Each one per cent, of sulphur is taken as a unit, and 
the price being fixed per unit, the price per ton of pyrites 
is the product of the two. Thus, if the sulphur content be 
48-5 per cent, and the basis price 6d. per unit, the price per 
ton of ore is 48-5 x 6d. = 24s. 3d. 

Another method is for the price per ton to be paid for a 
given sulphur content, subject to adjustment at so much per 
unit above or below'this figure. , 

Unless there is a copper extragtion plant at the sulphuric 
acid work?, the copper value in the case of cuprous ore does 
not concern the acid manufacturer f he would usually be 
required under the purchase terms tb put the resujjin^cinders 
on rails at his own expense, to the order of the supplier. 
This w<i|ild also hold good in the •case of non-cuprous or 1 
washed pyritcs,*unless otherwise agreed between buyer and 
seller. 

Value of Poor and Rich Pyrites, • 

• * • • • 

To the acid manufacturer thg impo?tant consideration, in 
buying pyrites is the ultimate cost of the “ usefuf sulphur” 
which it is possible to obtain 'from the ore. The “ useful 
sulphur” rtiay be taken i^'thc total tsulphur originally*present, 
less the amount lefl^in the cinders resultirig/rofn the*roasting. 
The bulk weight of pyrites d»termiiies°sucb»costs ^s freightage*, 
or carriage to the works, unloading, crushing* (in the cape «f 
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lump ore), stcying, tAnsport from store |to burners, and feeding 
into the burners. It therefore follcAws that the lower the 
percentage of sulfthur in the ore, the higher will be the cost 
per unit of the “useful sulphur.”* In addition, some allowance 
would have to be made for any reduction of output arising 
out of the smaller amount of sulphur which could be liberated 
per square foot of kiln available. A discussion on the relative 
rae 7 its of poor and rich ores has been carried on in Chcm. Zeit. 
(1912, p. 1219 ; 1913, pp. 2, 59, 318 ; 1914, pp. 597, 816) 
by Keppeler, Nemes, and Uhlman. 

Kcppclcr describes trials with Spanish pyrites smalls con¬ 
taining 48-4 per cent, sulphur and Norwegian smalls containing 
43'28 per cent, and more copper and zinc than the former. 
The roasting was dorje in mechanical dust burners with three 
floors. Less sulphur could be burned in the same time with 
the poor ore than with the rich ore, the same chamber system 
yielding only 2 1-2 tons of sulphuric acid against 28 tons. 

Nemes, however, contends that with modern burners it is 
more economical to work a poor ore rather than a richer ore, 
and in this he is supported by Uhlman, who states that in the 
long run the same quantity of acid can be made in the ordinary 
chambers whether Norwegian or Spanish ores are used. The 
te^Tiperature of the third floor of the burners must be kept 
high, the fourth and fifth floors being used for cooling the 
cinders, with hardly any combustion taking plai;e therein. 
Norwegian ore is considered more valuable than Spanish ores 
on acWDint of its easy working, freedom from arsenic, and 
small production of dust. Albrecht contends it is superior in 
burning qualities to mos/ known descriptions of pyrites, being 
equallc ' v/nly by gn ore of Turkish origin. 

Analysis of Pyrites 

. ,• 

is usually netessary^to analyse the pyrites for the 
constituents which form the basis of purchase price, namely 
sulphur^ and also copper, if* this is t« be extracted by the 
b^iyer. Should the ore •be bouglft^ at a fixed* rate per ton 
irrespective of t(je'sulphur content, it njight be regarded as 
essential to,ascertain tTie,amount present fof the purpose of 
regujating the ptocess and ascertaining data as to the efficiency 
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thereof. IJeyond this-»—and perhap.s thcf arsenv content—it 
is not general practice»Po carry the analysi.s, particularly where 
the ore is obtained from certain localities and its general 
composition and properties hrc well known. Each cargo is 
! sampled k the port of discharge in the presence of the 
representatives of both buyer and seller, the sample being 
drawn as the ore is weighed ove# the slnp’s sidte. The bulk 
•sample is broken up, reduced, put into bottles which are after¬ 
wards sealed—one each for the buyer and seller and a third 
for reference in case of dispute. The analysis, as ascertained 
by each party, is e.xchanged simultaneously ; and should the 
two results be within certain limits, the mean is accepted, 
otherwise the tests of an independent assayer form the basis 
of .settlement. The procedure as regard^ sampling and settle¬ 
ment of assays is usually fully prescribed in the Form of 
Contract. Should it be agreed to allow the moisture as a 
dcductio!! fi om the weight of ore, thi.s is usually ascertained 
jointly at the time of completion of sampling at the port. 

1 he usual method for analyses is by the wet way, by fuming 
nitric acid or aqua regia, the directions differing in details. 

Lunge recommends aqua regia prepared from i part of 
fuming hydrochloric acid and 3 or 4 parts of nitric acid of 
1-36 '(. 1-4 sp. gr. ‘ 

A very large amount of work has recently been done by a 
great number of chemists. That which has been published up 
to 1908 is embodied in the respecti-te chapters of Lunge’s 
Tccitmcal Methods of Cheiinc<d Analysis, edited by C. Keane, 
vol. 1., p. 272 et seq. ; and more briefy, in Lunge’s Technical 
(^lemists^ Handbook, 1916, p. 108 c/ .yy. 


Estimation of Moisture. 

Dry the coarse ground cample af ibs° untif the wefght 
remains constant. For the*other tests the pyrites is not 
iemployed in the dry state, but Jire'ctly in the finely ground 
[sample, kept*in a well-sfiled bottli*. The analytical results 
lare calculated foi ^iry pyrites, Jor which reason special 
01s ure deterrtination of ‘liie fiijely ground sample must*. 

D6 marii’k * * 
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« 

'Estimation of Sulphur. 

< < 

• The ore should be converted into an impalpable powder and 
passed throiigh the finest silk gauze; the triturating ought to 
be done first in a steel mortar, and then in an agr.te mortar, 
not in a porcelain one. 

Lunge’s Method.—In vie\y, of the great desirability of retain¬ 
ing the decomposition of pyrites in the ivet way. Lunge 
worked out a method for doing so without incurring the error 
caused by the presence of iron. 

About O'5 gram of pyrites is heated with about lo c.c. of a 
mi.xture of 3 vols. nitric acid (sp. gr. I'4) and i vol. strong 
hydrochloric acid, both ascertained to be absolutely free from 
sulphuric acid. The mixture is heated up now and then, till 
the decomposition is complete, and is then evaporated to dryness 
in a water-bath. Now add 5 c.c. hydrochloric acid, evaporate 
once more (no nitrous fumes ought to escape now), add i c.c. 
concentrated hydrochloiic acid and 100 c.c. hot water; filter 
and wash with hot water.' The insoluble residue may be dried, 
ignited, and weighed. It may contain, besides silicic acid and 
silicates, the sulphates of barium, lead, and even calcium, whose 
sulphur, as being useless, is purposely neglected. (If this residue 
is not to be estimated, it need not be filtared off, and the next 
step, the elimination of the iron, may be performed without 
removing the silica, etc.) Tlic filtrate and washings are saturated 
with ammonia, avoiding a very large excess of it; the mixture 
is keptifit a moderately wvm temperature for about ten minutes 
(at the e.xViration of which time it ought still to smell of 
ammonia very distinctly^ not merely faintly), and the precipi¬ 
tated ferric hydrate—after several decantations, with hoi water— 
is filtered off while hot, employing a filter pump in the operation. 
The whole operation can be perform&d in from half to one hour, 
and, no tral'f of sulphuric acid is retained in the precipitate. 
Thtt total btilk of the filtrate an4 washings need not exceed 

1 G. Ch.-uidron and G. Juge-fioiprd {Comptesrend., 1922, 174, 683-685 ; 
y. Chem. Soc, 1922, 2, 311) state that during the dissniutiun of pyrites 
in nitric acid or aijua regia, th#re is always It separation <of free sulphur if 
tlTe tcmpijraturc pxceeds 60° in the case of fnarcasite or pyrites containing 
other metallic sulplfides. If, however, the acid ^s allowed tj act at the 
roorn teinperaOire, thjie is no *paratiSn of sulphur, but the time required 
ij much longer. 
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200 or 250 C.C., whi^ 4 ji saves concentrating tlie liquid by 
evaporation. , 

The clear liquid, which no;v contains all the s»l]3huric acid 
: combined ,^vith ammonia, is acidulated with pure' hydrochloric 
I acid in very slight excess, heated to boiling, the burner removed, 

■ and 20 c.c. of a 10 per cent, soluyon of barium ^chloride, pre¬ 
viously heated, put in all at once (not drop by drop). The ^rror 
introduced by carrying down a little barium chloride with the 
sulphate is just compensated by the opposite error, caused by 
the slight solubility of barium sulphate in the hot solution, 
containing free HCl and ammonium chloride. (This disposes of 
the objection made by H. C. Moore in /. Inti. Eng. Chem., 1915, 
P- 634.) This quantity, which suffices in any case for 0-5 gram 
pyrites, is roughly measured off in a tesf-tube provided with a 
mark, and is heated in the same tube. After precipitation, the 
liquid is left to stand for half an hour, when the precipitate 
should be completely settled. 4 he clear portion is now decanted, 
and the washing continued by decantation with boiling water. 

L. Gadais gives a critical view of Lunge’s method and 
certain suggested modifications. For accurate work, the 
oiiginal method without alteration is to be preferred, care 
being faken to adhere strictly to all details of the operations. 
A variation of this method, in which the insoluble gangue is hot 
filtered off before the precipitatio* of the iron with ammonia, 
is not recommended, as this gangue contains substances such 
as the sulphates of barium, strontiunj, calcium, and lead, which 
may be partly dissolved by ammonia and reprejipTfated on 
sj|bsequcnt acidification and addition of barium chloride. A 
second ffiodificadon of Lunge’s proce'dure, which obviates the 
iwashing of the gangue, consists in making'up the solution in 
aqua regia to loo c.c., filtering off 50 c.c., and proceeding with 
this aliquot portion as in the original metho^. -ThL is free 
from serious objection provided the* insoluble resJduc is com¬ 
paratively small in amount. • Firfelly, a rapid contrsl methbd, 
not suitable for accurate work, consists in diluting the original 
soution to ijjout 800 adding |immonia directly* to this, 
igesting for two hours ’at a moderate temperature,, coolirig, 
making up the^volutne to looo'c.c., and filtfering off 500 c.c.. 
m which sulphate is estimate!? in the usual ^vay. * * 

' Ann.Chim. anal., 1921, 3, 330-S3< : /. Chem. Sne.. tait 


3! 
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Z, Karao^lanow (with P. and M. jbimitrow)' makes the 
following remarks jn dealing with the estimation of sulphur in 
pyrites :—A^ter the sulphur has l^en oxidised to sulphuric acid 
by heating with a mixture of nitric and hydrochlor^ acids, or 
by fusion with sodium carbonate and potassium nitrate, the 
sulphuric aciij may «be precipitated directly from the hydro¬ 
chloric acid solution obtained after separating the silica, 
previous removal of the iron being unnecessary if the precipi¬ 
tation is carried out under the following conditions. The 
solution (from 0-5 gram of pyrites), which should contain from 
30 to 50 c.c. of 6N-hydrochloric acid, is diluted to 700 c.c., 
heated to boiling, and 40 c.c. of hot 10 per cent, barium 
chloride solution, previously diluted with 100 c.c. of hot 
water, are added gradually while the mixture is stirred. The 
precipitated barium sulphate is collected after fifteen hours, 
washed first with water containing hydrochloric acid and 
barium chloride, then with hot water, dried, ignited, and 
weighed. 

C. Zdy' takes i gram of the finely powdered pyrites and 
treats in the usual way with a mixture of nitric and hydro¬ 
chloric acids, but recommends redissolving the ferric hydrate on 
the filter-paper with hydrochloric acid, ag^in adding ammonia 
anti filtering off. Mixes the two filtrates and estimates the 
sulphur in the usual way as*barium sulphate. 

The results of co-operative work on the determination of 
sulphuyn pyrites are givtjn by H. C. Moore.® 

The reaslts obtained in a great number of laboratories by 
three different methods are tabulated and discussed. Align 
and Bishop’s method ^oxidation with bromine iif carbon 
tetrachloride solufion, followed by treatment with nitric acid, 
and precipitation of the sulphuric acW as barium sulphate after 
removal* cf^.ti(ica and reduction of ferric salts) gives more 
conpordant results than L*unge’s ipethod and is recommended 
as' accurate. The method* has? however, been modified as 
follows to allow of using ft tmaller sample; 0'5495 gram of 


_/< Chem. Sac., 1918, 2, 126. 
530-5.^; /• Chem. Soc., 1917, 


• ' Z. anal. Chem., 1917, 56) 561-568 

Stat. sperim. ag)^ar. 19J6, 49, 

2 > 3 « 8 - , 

• ® /• Ind. Eng. O'leni., 1916, 8, 1167-1170, ami 1919, 45, 33-34 ; J. Soc. 
Chem. Ind., 1917, p. 29, .md 1919, p. 171A. 
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the powdered sample^^dried at ioo°, is treated* with 6-8 c.c, 
of a mixture of 2 parts of bromine and 3 pjirts of carbon tetra- • 
chloride by volume, and left for fifteen minutes in 3 tall covered 
beaker, wijh occasional shaking; 10 c.c. of concentrated nitric 
acid is then added, and after standing for fifteen minutes with 
occasional shaking, the mixture is heated below too’ until 
most of the bromine has been expelled, and then evaporated 
to dryness on a steam plate. The residue is treated with 
10 c.c. of concentrated hydrochloric acid, the mixture 
evaporated to dryness, and the residue heated at 100° for 
J-i hour to dehydrate the silica, then moistened with i c.c. of 
concentrated hydrochloric acid and heated with 50 c.c. or 
more of water until solution is complete. After cooling for 
3-5 minutes, o i gram of powdered aluminium is added, and when 
reduction is complete the solution is filtered and the residue 
washed nine times with hot water. The solution is treated 
with 2 5 c.c. of concentrated hydrochloric acid, then diluted 
to 650 C.C., and 50 c.c. of cold $ per cent, barium chloride 
solution added slowly, without stirring, preferably 'in single 
drops at the rate of about S c.c. per minute. The mixture is 
stirred, allowed to stand for at least two hours, and the 
pre -ipitate collectecj on a thick layer of asbe.stos in a Gooch 
crucible, using suction. After washing with cold water, •the 
precipitate is dried and ignited. * 

Having examined the precipitates of barium sulphate 
obtained by this method in the presence of various salts, the 
authors are of the opinion that no correction for .tin?* presence 
^f occluded salts in the precipitate is necessary when the 
analysis is conducted as described. * 

VolunJetrioal Estimation. 

In lieu of the estimation of sulphuric acid by* weight, some 
chemists prefer titration b^^ me^ns of a standard solutiJg of 
barium chloride. This was fijst, proposed by Wildenstein,' 
and afterwards, espetijilly for the analysis of pyrites, by 
I eschernacher and Smitli.''* AlthcAtgh this process, notwijh- 

• * * * 

i',. anat. Chem.,.\, 432. 

^ Chem. Neivs, 24, 61, b6-, ~cf also Glendifinigg add Edgar, iiiii., 
140. . • 
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standing som^ assertions to the contri^y, is most certainly no 
more accurate th^ the gravimetric process, and in most 
hands is le«s so, and is not ysed by many chemists in 
important casts, we shall take this opportunity of .describing 
the estimation of sulphates by titration with barium chloride in 
its .simplest form, such as is used at some works in testing 
blaclj-ash, etc. It is sometimes used in testing pyrites, blende, 
buint-ore, etc., for purposes where no great accuracy is 
required. 

The liquid is brought to the boil in a porcelain dish, 
barium-chloride solution is added from a burette ; from time to 
time a few drops are taken out with a glass tube, passed 
through a miniature filter on to a gla.ss plate resting on a black 
background, upon wMch a number of drops both of dilute 
sulphuric acid and of barium chloride have been put. If the 
filtrate still gives a cloudiness with a barium-chloride drop, 
easily visible on the black ground, the little filter is thrown back 
into the dish, more barium-chloride solution is added from the 
burette, another test is made, and so forth. The end is attained 
when a filtered drop gives an extremely slight cloudines.s both 
with a drop of barium chloride and with one of sulphuric acid. 

C. and J. Beringer effect the titration .by barium chloride 
after addition of sodium acetate and acetic acid.’ 

Various other volumetria- methods for the estimation of 
sulphate.s, by Carl Mohr, Ad. Clemm, Wildenstein (2nd method), 
Schwar/!, and Pappcnheim, are described in the treatises of 
Fresenius o2fJ Mohr; but they are more complicated and not 
more accurate than the direct titration with barium chloride q,s 
; just described. 

Harcourt Phillips ^ gives a description of a rapid method 
for its estimation, based on the u.se «f a standard solution of 
barium cjjifiside, of which i c.c. is equivalent to o-oi gram of 
sulphur. A deficient,quantity of barium-chloride solution is 
added to ihc oxidised pyriteu solution which has been freed 
from nitric acid and has bosni, adjusted to a definite bulk ; the 
titration ,'s completed by making further addition.^ of 0-5 c.c., 
boiling the liquid, and filtering off 5 h:.c. after each addition, 
until the end-poin> is reached. • 

' C/tt'M. Nsws, 59, 41. 

* C/iein. News, 1917, 115, 312; /. Cheni. See., 2, 37^. 
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Ernest Martin ’ treats the pyrites with aqua rejjia, the solution 
evaporated to dryness, and the residue rcdissolved in dilute* 
hydrochloric acid. The solution is diluted, and sodi;im carbonate 
added. The assay may also be opened out by fusion with 
sodium peroxide or a mixture of sodium carbonate and potassium 
nitrate, dissolved in water, and carbon dipxide passed through 
to precipitate lead. After filtration, methyl-orange is added, 
and the .solution exactly neutralised with hydrochloric acid. 
The carbon dioxide is boiled off, and to the lukewarm solution 
a known volume of standard barium hydroxide and phenol- 
phthalein is added. Carbon dioxide is bubbled through until 
the colour just changes, when the solution is cooled and titrated 
with N/2-hydrochloric acid. 

T. J. I. Craig ^ describes a methcxl for the volumetric 
estimation based on o.xidation to sulphuric acid by means of 
aqua regia, or preferably by nitric acid and bromine, and 
titration with standard alkali hydroxide after the removal of 
all the other acid ions from the solution. It is shown that 
nitric acid is completely eliminated from the aejua regia solution 
of pyrites by evaporating to dryness twice with hydrochloric 
acid, and finally drying for an hour at l lo°, whilst from the 
nitrii, acid-bromine splution two evaporations to dryness, followed 
by an hour’s heating at i io‘, are sufficient to remove both nitric 
acid and bromine. Where hydroshloric acid is present, it can 
only be completely eliminated by treating the solution with 
silver oxide, the alternative being to 5 stimatc it with standard 
silver nitrate and make the requisite allowance in thorrti'Dscquent 
titration of the sulphuric acid. When arsenic acid is present, 
it IS sh»wn to be practically all climffiated by the precipitated ' 
ferric hydroxidt^ and hence does not interfeic with the titration. 
The procedure recommended is briefly as follows:—to grams 
of pyrites are treated with 30 per cent, nitric acid.-A'^S reaction 
mixture cooled to 50°, treated witJi, S ,c.c. of' 5romine,*ahd 
boiled until no more brown tjimcstare liberated. Nitric aclil is 
eliminated as above described, tbe .residue dLssolved in water 
and made uj^to 250 c.c.« pf this solution 25 c.c. are bf^jled with 
a known excess of N-sorfium hydroxide and the solution made 

' Mnnit. Scienii, igi8 [5], 8, j49-i5c^; J. Chem. Sac., 2, 330. •, 

- C/iem. News, 1917, 115, 253-255, 265-26? ; J. Cftem. 19 17 , 

2, 420. • 
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up to 200'2 5 *c.c. (o-2 5 c.c. to allow icf: tlie volume occupied 
by the ferric hydro^xide). After filtration, an aliquot portion 
is titrated to^eutraiity with phenqiphthalein as indicator. The 
results obtained are claimed to be closely in accord with those 
obtained by the more elaborate gravimetric mettiod. The 
paper includes a .short,historical summary of the various methods 
suggested for the estimation of sulphur in pyrites. 

Available Sulphur. 

Several methods have been proposed for estimating the 
available sulphur of sulphur-ores—that is, that portion of it 
which passes into the chambers in the form of SO,, and SOj. 
Thus VV. G. Mixter ^ burns the pyrites in a current of oxygen, 
and passes the vapours into bromine-water containing some 
hydrochloric acid and an excess of bromine." This method is 
very suitable for testing spent oxide, for this material is 
always contaminated with sawdust, tarry matters, and variable 



« 

quantities of lime which retains part of the sulphur in ourning, 
whence an e.stimation of the total sulphur is quite useless for 
practical purposes. The process tal?es place in a combustion- 
tubq (I'ig^^r 3 ft. long, narrowed at and drawn out at the 
end,into a Icflig tube, xiot'foo thin,,and bent downwards. Be- 
twe'en a alTd b there is a layer*of pfatinised asbestos (see below), 
8 to 10 in. long, and at i. cfistance of .3 or 4 in. from this a 
porcelai^ boat with abouj 0-4 grair> eff spent oxide or pyrites. 
Tile qnd of the tu^ie at k is connected with an oxygen gas- 
. 1 Amer. Chem.J.'jt, 396? ^ ^ 

Zulkowsk^, IVifgners Jahresb., 1881, p. 160, recommends a similar 
process. 
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holder. The ab-sorpti'^n of the vapour.s takes place in the two 
3-bulb tubes c and d (5J in. high) and tl)^ tube e, filled with* 
glass-wool. The absorbing^-liquid is made by dissolving i 80 
grams caustic potash (purified with alcohol from sulphate) in water, 
adding lOO grams bromine, taking care to keep the mi.xturc cool, 
and diluting to 1000 c.c. Thirty c.c. of tjiis suffice for estimat¬ 
ing 0-5 gram sulphur. The tube e ought also to be moistened 
with it. First heat the portion of the tube between a and b, 
passing moist o.xygen through it at the same time ; then heat 
the boat from the right to the left; lastly the tube, up to the 
place f. The current of gas must be much stronger than for 
an organic analysis, lest any sulphur should escape unburnt, 
but not strong enough to draw off any SO3 unabsorbed. So 
long as any dew appears at h, it must be driven into the 
receiver with a Bunsen burner. When this ceases (usually in 
about an hour), the experiment is finished. The receivers are 
then taken off, washed out, and the acid remaining in h is 
recovered by aspirating water several times through it. All 
the liquids are united, saturated with hydrochloric acid in order 
to dccompo.se the potassium hypobromite, heated, concentrated 
if necessary, and the sulphuric acid is precipitated by barium 
chlo'ide in the ujual manner (or, more conveniently, the 
receivers are charged with hydrogen peroxide, free from "sul¬ 
phuric acjd, and arc retitrated aft«r the end of the operation. 

Expeditious assays of pyrites have been proposed in many 
ways, but none of them is sufficiently'accurate to be employed 
for estimating the sulphur in fresh pyrites, and sr'.?Tft‘ of them 
are not even accurate enough for testing the sulphur remaining 
uT^urfM ore (pyrites cinders). * 

The so-call?d Mechanical pyrites assay 'of Anthon' is too 
rough and unreliable eve« for very simple purposes.^ 

• . 

Analysis Burnt Cinders • 

O • 

Estimation of Sulphur. 

This can*be done, of,fourse, by the wet methods Sescribjjd 
in our text, p. i oo^ct seq. But. at the faetqfieS thcsi* rnethods 
are only excejftionally employed, because, they SfC even morfi. 

' Etingl. polyt, J., 161, 115. 


^ Cf. 1st eel. of Lunge, i, i*o8. 
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troublesome alid lengthy for testing burnt ore than for fresh 
' pyrites, and because dry methods exist which arc both rapid 
and sufficiently accurate. Indeed, Jene' maintains that the 
wet methods-are altogether unsuitable for testing pyrites 
cinders intended for being worked up in blast-furnaces, as they 
do not give the total„ but only the “ available " sulphur ; and 
this has been confirmed by Gottlieb.^ Jcnc also estimates the 
sulphur of the sulphates, soluble in water ; so docs Mcnnickc.-'* 

Not all the dry methods are sufficiently accurate or con¬ 
venient for daily use at vitriol-works. More suitable are the 
methods now to be de.scribed. 

llockmann proceeds as follows :— 

A sample of the burnt ore is taken every twelve hours, every 
kiln being provided with a large and a small sample-box. 
The samples are, in the fir.st instance, collected in the small 
boxes and brought in these to the laboratory, where they arc 
transferred to the corresponding larger boxes. At the end of 
a week an average sample is taken from the latter and broken 
down in an iron mortar; the coarsely ground samirlc so 
obtained is divided by quartering on a piece of stout paper, 
and one of the quarters is finely ground and sieved. Finally, 
several grams of every sample are ground in successive 
small portions in an agate mortar until no grittiness is felt on 
rubbing between the fingers ; r*5 to 2-0 grams of the very finely 
ground material arc weighed off, and mi.xcd with about 25 grams 
of a mixture of 6 parts .sodium carbonate and 1 part potassium 
chlorate , t''is mixing is done in a large platinum dish with the 
aid of an agate pestle. The mixture is then fused over the 
blowpipe. The melt is allowed to cool till only just lukew'arm, 
then covered with 'hot water, heated to boiling', and both this 
solution and the insoluble residue ;re washed into a 250 c.c. 
flask. Th y ,,.contents are cooled under a water-tap, made up 
to'thc 250 <l.c.' mark^ and four-fifths of the solution filtered 
through a^ pleated filter papa" intp a 200 c.c. flask. The in- 
twc.u,lg portion of the melt (joxides of iron, copper, etc.) only 
^ *"1 a small volume. The solution is acidulated with 

Pfrcelaift ov sulphuric acid estimated in the, 

TTic (jnd of the , . 

. 1 f f 

/05. P 362. 

688. ^ Ibid., p. 495. 
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The folkiwing process is employed I'n one 'of the largest 
French works for th<f regular daily control of the working of* 
the burners ; it enables a large number *of sulphur tests in 
burnt ore to be carried out simultaneously, and in.comparatively 
short time. It is founded upon the fact that at a red heat 
hydrogen decomposes all sulphur compounds of iron with the 
formation of hydrogen sulphide, \fhich is passed fnto a standard 
solution of silver nitrate, estimating the excess of this by 
titrating back according to Volhard’s method. It is carried 
out as follows ;—Several porcelain tubes, closed at both ends 
by non-vulcanised rubber stoppers carrying glass tubes, are 
arranged in a furnace heated by a six-flamed Bun.sen burner. 
The glass tubes are connected at the inlet end with a hydrogen 
generator by means of a corre,sponding. number of lengths of 
rubber tubing furnished with screw clips ; the outlet pieces are 
connected with vertically bent tubes which dip into small test- 
glasses. The hydrogen used must be freed from any accompany¬ 
ing hydrogen sulphide by washing with silver nitrate .solution. 
Each set is numbered, and the porcelain tubes, stoppers, inlet- 
and outlet-tubes and test-glasses are marked to correspond. 
A preliminary te.st is first made to ensure that no precipitate 
re.sults when the hydrogen is passed into the silver nitrate 
solutii.il in the test-glasses. When this has been ascertained, 
exactly i gram of the finely ground cinders is weighed into a 
numbered porcelain boat, the boat pushed to the marked posi¬ 
tion in the porcelain tube by means cJf a glass rod, and 25 c.c. 
of silver nitrate solution (oontainirtg 10-604 AgNOs, 

corresponding to 3-6; grams NaCl, per litre) is placed in each 
W^fcgl^s. When all the weighed isamples are in position,, 
a current of hydrogen is passed through the tubes, and regulated 
by means of the screw^ clips to two or three bubbles per 
minute. After ten minute.s, when all the air has been expelled, 
the furnace is heated, at first gently, and then |;radually raised 
to a red heat. After otft an^ a ha*lf hours’ heating.the 
elimination of the sulphur ?s co^nglete. This is .shown by no 
further cloudiness appearing in the silver nitrate solu^tion, and 
by the imfroved and .Satisfactory* settling out of the bla^rk 
precipitate of silvej sulphide. ,The g^as supply to tlfe furnace 
is then gradual^ reduced, an^ the hydrogeij'curreijt interrupted".- 
The test-glasses are removed in turn, and without filtering T)fif 
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the‘prccipitats i c.c.'of iron-indicator (2-5 grams ferric nitrate 
(dissolved in 100 c.c. nitric acid of sp. g^r, 1-38) is added, and 
the solution immediately titrated with ammonium thiocyanate 
solution up t(j permanent rednesS. The thiocyanate solution 
contains 4-752 grams per litre, and should corrcspo»id exactly 
with the silver nitrate solution. If the number of cubic centi¬ 
metres of ammonium thiocyanate be denoted by a, then the 

— CL 

percentage of sulphur iu the pyrites cinders is --. 

10 

For rapid control in the estimation of sulphur in burnt 
cinders, H. C. Moore' recommends the following sodium per¬ 
oxide fusion method. About i'5 gram of the finely powdered 
sample is fused in a wrought-iion or nickel crucible with 
7 grams of sodium peroxide, the cooled mass is dissolved in 
water and slightly acidified with hydrochloric acid. About 
O'5 gram of aluminium powder is now added, and, when the 
ferric salts have been reduced, the solution is heated to boiling, 
diluted to 500 c.c., and filtered. Two hundred c.c. of the 
filtrate are diluted to 450 c.c., i c.c. of concentrated hydro¬ 
chloric acid is added, and the sulphuric acid is precipitated by 
treating the cold solution with barium chloride solution. After 
one hour, the barium sulphate is collected, washed with cold 
water, ignited, and weighed. The presence of considerable 
quantities of barium sulphate and silica in the cinder does not 
have an appreciable influence on the results obtained.* 

O. Binder " recommends (for thoroughly mixing the sodium 
carbonate.a^d potassium rfitrate in preparing a stock of fusion 
mixture) that the carbonate be suitably coloured and the 
mixing continued until 4 he colour of the whole mi^.turc IS 
uniform. 

For further methods for testing ^urnt pyrites we refer the 
reader to Ijjjige’s Technical Chemist's Handbook (1910) and 
Lsnge’s ’Tedmftal Methods^of Chemical Analysis. 

pther methods have been,oropcfeed by:— 

Nikaido (/. Amer. Chem. Soc., 1902, p. 774). 

Rieglcr (Z. anal. Chem.^ 1902, p. iji)' 

• Mohnhaupt (Chem. Zeit., 1904, p. "t 125). 

4 - • • 

1 J. Ind. En^. 1916, €, 26-2# ; J. Chem. 1916, 2, 263. 

2 Chem. Zeit.., 19'!8, 42, 503. 
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Blacher and Koerber [ibid., 1905, p. ^ 22 ). » 

Martin {Mouit. Scitnt., 1914. P 866 ). 

Scholtz {Arc/i. Pharm., 1905, p. 667). * ^ 

W. j. WuWcr {Ber., 1902,'p. 1587)- 

Mullcr«nd Diirke.s {Z. anal. Chein., 1903, p. 477 )- 

Ra.schig (^Z. angew. Chem., 1903, p. 617 and 818 ; 1906, 

P- 333). * 

Knorrc {Chem. hid., 1905, p. 2). 

p'ricdheim and Nydcggcr (Z. angnv. Chem., 1907, p. 9). 
Nickel {ibid., 1910, p. 1560). 

Zehetmayr {ibid., 1910, p. 1359). 

Hassrcidtcr and van Zuylcn {Chem. Zentr., 1905, i., p. 1433 )- 
F, Chio {Gioni. Chim. hid. AppL, 1921, 3453). 

Estimatiou of othcT Constituents of Pyrites.- Usually it is 
sufficient to estimate the sulphur in a pyrites whose nature is 
otherwise known. If, however, the pyrites is of unknown 
composition, its value for acid-making can only be estimated 
by a complete determination of all its constituents according 
to the rules of mineral analysi.s. If it contains, for’instance, 
calcium carbonate, this on burning will retain its equivalent of 
sulphuric acid equal to O'32 per cent. S for each per cent. 
CaCO ; if calcium ^sulphate is present, its sulphuric acid has 
to be deducted from the whole quantity of sulphur found. If 
lead has been found, its equivalcflt of sulphur must be con¬ 
sidered as practically lost; and the sany: is the ca.se with zinc ■ 
because the sulphates of both metals are hardly or not at 
all decomposed at the temperature of a pyrites burner. In 
littuice half of the S combined with ^Zn is considered as lost, 
= 0-24'^ per ce^it. .S per i per cent. Zn (for copper they reckon 
O'505 per cent. S per i per cent. Cu as lost). Arsenic will 
also have to be soughf for; and even silica may be of 
importance—firstly, because in the prc.sence of, intfeh .silipa 
“explosive” properties of .the pyntes ’must be’ feared .(^see 
P- 339 )> <'nd secondly, in tlfb ca*e of cuprous pyiite.s, because 
silica lessens the valuf of the cfnd*ers. Even silver and gold 
are sometirwes sought *far,' but it« cannot be said fhat the 
quantities hitherto found have any inflyence on lilie. com¬ 
mercial value o^pyrftes. 

1 Cf. Chem. News, 26, 63 ; 34, 94, >32, i 73 , ' 
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'The cstiimtion (Jf carbon in pyrites, especially the “coal 
brasses,” can be done by the ordinary tnethod of elementary 
analysis, but betted- by the method of Corleis (dissolving in 
chromic acic^, and absorbing the* CO^ formed by soda-lime). 
Treadwell and Koch' give some details of thdir method. 
They oxidise the pyrites by a mixture of chromic and sulphuric 
acids, and p.-fts the *gas lib«rated through a 10 cm. layer of 
glowing copper oxide, followed by lO cm. of glowing chromium 
trioxide, and after this through two small U-tubes, each con¬ 
taining 3 c.c. of a solution of chromium trio.xide in concentrated 
sulphuric acid. After leaving the U-tubes, the gas is passed 
through a tube filled with glass beads moistened with sulphuric 
acid, then through two calcium-chloride tubes, and is finally 
absorbed in two sodatlime tubes, 

Carbonates of the alkaline earths are occasionally estimated 
in pyrites as they retain sulphur, owing to the formation of 
the corresponding sulphates. Since their quantity is very 
small, the C0„ cannot be accurately estimated by loss, and 
consequently a direct method must be used. The CO.^ is 
liberated by addition of strong acid and ab.sorbed in soda-lime, 
taking care to retain moisture and any acid carried forward. 
P'or this purpose the well-known apparatus of P'rc. 5 cnius or of 
Clsissen may be employed, but greater rapidity and accuracy 
are attained by the gas-volumetric method of Lunge and 
Marchlcwski 2 or the apparatus of Lunge and Ritten^,r.”' 

EstiIllation of Arsenic.. 

The process employed at Freiberg is that used by Reich, 
and is as follows :—Digest about 0-5 gram of finely pulverised 
pyrites in a porcelain crucible, covered witli a watch-gla.ss, 
with concentrated nitric acid at a gcsitle heat, until the residue 
assumes ' lighter colour and the separated sulphur has turned 
a pure yellcw. .After ddcomposijion, heat the crucible on a 
sand-bath to get rid of the ftcces* of acid, but not to dryness. 
Add 4 grams of sodium carbcAiate, dry completely on the sand- 
bath, add 4 grams of potapium nitrate* and heat the mass until 
the contents of the crucible have betn in quiet fusion for ten 

1 Z. ani^ew^ Chent.., 1903', p. ^i 73 - * u 

® Lifnge-Kcahe’s Tecft. Metii: of Chein. Anal.., i, 149* 

® Z, ant^nv. Chem., 1906, p. 1849. 
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minutes. lixtract the cooled mass with hot watdr, and filter ; 
the filtrate contains all the arsenic as sodium arscniate. 
Acidify with a little nitric acid, keep for two hours^on a sand- 
bath to get rid of the carbon dioxide, add a sufficient quantity 
of a solutiSn of silver nitrate, and neutralise carefully with 
dilute ammonia. The reddish-brown pfecipitate of silver 
arseniatc is filtered, washed, dried, ^aken off the filter as well 
as possible, the filter is incinerated in a muffle, the precipitate 
put to it, a sufficient quantity of assay lead is added, and the 
silver estimated by cupellation. One hundred parts of silver 
correspond to 23-15 of arsenic. 

Leroy M. M'Cay has modified and greatly simplified this 
method’ by estimating the excess of silver used by Volhard’s 
method. Later on the same author recommends as preferable 
another plan, namely, dissolving the AgjAsO^ in dilute 
ammonia, and either estimating the silver by Volhard’s 
volumetric method (precipitation with ammonium thiocyanate), 
or evaporating, drying, and weighing the total in a thin 
platinum dish. If the arsenic is to be precipitated a.s penta- 
sulphidc, which is otherwise a tedious operation, M'Cay recom¬ 
mends ” placing the solution in a flask with a well-fitting 
stopper, acidifying with HCl, and diluting with freshly boiled 
water till the flask is nearly full, passing in H^S to saturatkw, 
inserting and fastening down the, stopper, and placing the 
whole in a*water-bath for an hour. At the end of that time 
all the arsenic will be precipitated ai pentasulphide, As^Sj, 
containing no free sulphur, • 

Vilstrup ■’ estimates in pyrites the sulphur and iron by Lunge’s 
For the estimation of arsenicfhe moistens 12-5 grams 
of the powdered ^re in a large beaker with 10 c.c. of water and 
I c.c. of sulphuric acid, aijds strong nitric acid until there is 
no further effervescence, boils the liquid to a paste, and treats 
the residue with boiling water. If .the residue* is not white, 
the liquid is decanted and*,the jnsolubfe mass boiled with 
aqua regia. This is then evapojat^d and the residue trans¬ 
ferred to the main solution, and the whole is diluted to ^50 c.c. 
« 

^ Chem. News^ 48, 

^ Amer. Chen^ _/., 8, No. 2. ^ 

* Ibid., 9, No. 3, and 10, No. 6. • 

* Chem. Zeit., 1910, 350; J. Chem. Hoc. Abstr., 1910, 2, p. 45S. 
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The solution *is then passed through a dry filter; the residue 
is washed and tested for lead by boiling vfith ammonium acetate; 
excess of si^lphuric acid reprecipitates the lead. Two hundred 
grams of tho filtrate (= i o grarns of the sample) are treated 
with hydrogen sulphide. The precipitate, consisting of copper 
and arsenious sulphjde, is treated with ammonium carbonate; 
this dissolves'the arsenic, which is then reprecipitated by adding 
dilute sulphuric acid and passing H^S in. The As^S^ is 
collected in a Gooch crucible, washed with alcohol and carbon 
disulphide, dried at too”’ and weighed. The copper sulphide 
is freed from admixed sulphur and traces of antimony sulphide 
by boiling with .sodium sulphide, and then wa.shed and burned 
to oxide. The filtrate from the copper arsenic precipitate is 
diluted to 500 c.c., 50 c.c. (= i gram sample) are boiled, oxid¬ 
ised with nitric acid and, after adding an excess of ammonium 
chloride, precipitated with ammonia. As the iron precipitate 
retains zinc, it should, after wa.shing, be redissolved in hydro¬ 
chloric acid and, after neutralisation, boiled with ammonium 
acetate lor nitrite. The united filtrates then contain all the 
zinc. After adding ammonia and heating to boiling, any Ca 
and Mg are precipitated by ammonium carbonate and phosphate; 
the liquid should then be stirred for half an hour. From the 
filtrate, the zinc-ammonium phosphate is* recovered by boiling 
off the Ntlj, and finally converted by ignition into zinc pyro¬ 
phosphate and weighed as such. If the colour shduld not be 
pure white, traces of Ml or Co phosphate may be present. In 
such casas^the filtrate froiVi the iron is acidified with acetic acid 
and treated with H^S. After twenty-four hours the precipitate 
is collected and treated with cold A^-hydrochloric af.y'q. ihe 
zinc dissolves, and the Ni and Co are not afiseted. From the 
filtrate the zinc is then recovered as jjyrophosphate in the usual 
way. ^attensaur' recommends this process. 

‘ Illattner^iTd Brasseur J quote an instance in which different 
analysts Jound from 0-19 to,o-5;j*per cent, arsenic in the same 
sample of pyrites, and anqlhjr in which the figures varied from 
0-05 tg 0'39 per cent. They recoqjmend the following two 
processes for the estimation of arsen*« :— ' 

I.' Wet Treatinent.— iQ grams pyrites,are added gradually 

. ’ '’Chem. Zen/r., i 5 ii, i, 1373- 
* Bull. Soc. Mm., 1897, 17, 13. 
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with gentle warming to aqua regia, prepared from 125 c.c. nitric 
acid (sp. gr. i'37), 256 c.c. hydrochloric acjd (sp. gr. i-i5 to 
!• 17), and too c.c. water, in a litre flask. * The bulkpf the nitric 
acid is driven off by evaporation after addition of •hydrochloric 
acid ; since %11 the arsenic is prc.sent as no loss through 

evolution of AsClj can take place. After adding 100 c.c. water, 
the solution is cooled and filtered,* ammonia is a’dded until a 
slight precipitate of ferric hydroxide is formed, SO^ passed 
through the cold solution until the reduction of the iron to 
the ferrous state is complete, the excess of SO, is removed by 
warming, and after cooling to 60° to 70" the arsenic is pre¬ 
cipitated by passing in H^S for .six or seven hours. The 
solution is then allowed to stand for twelve hours, and filtered. 
The precipitate is washed by water containing MCI and H.^S, 
until all the iron has been removed, and then by distilled 
water. It is then dissolved by dige.sting the precipitate and 
filter paper with ammonium carbonate, and the solution is 
filtered. The solution is strongly acidified by hydrochloric 
acid warmed to 50 to 70°, and the arsenic is precipitated as 
As,S.^ by passing in H,S for an hour. The arsenic in the 
precipitate may be determined either as magnesium-ammonium 
arscn.atc or as silver arsenate. In the former case the pre¬ 
cipitate is dissolved in strong ammonia, evaporated to dryness 
on the water-bath, taken up with ip c c. nitric acid, and, after 
a slight evajjoration, rendered ammoniacal, and a small quantity 
of alcohol, followed by magnesia mixture, is added. After 
standing for tw'elve hours, the precipitate is collectsd on an 
ash-free filter paper, washed by a solution of one part of 
amifiottimn chloride and one part of akohol in three of water, 
dried, and ignited after separation from the filter paper. The 
filter paper is ignited .separately after addition of a small 
quantity of ammonium nitrate. One hundred parts M.'jjjAs/); 
correspond to 48-28 parts As. . , ’ ' * 

2. /)>y Treatment .—Two grains pyrites are thorouglxly mixed 
in a platinum crucible of 30 c.c. ca^Daeity with 10 to 12 grams 
of equal parts of potas-sliyn nitrate and sodium carbonatp, and 
covered by a layer of 2 grartis of the sarne mixture. The crucible- 
is then covered, and heated over .a Butjsen flame 3 cm. fiigh. 
When the reactifcn is compleie, the'mass is’allowed to cool, 
the contents of the crucible are placed in 70 c.c. of boiling 
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water, and, after solution, the whole is filtered and the residue 
washed with boilinff water. All the ’arsenic is then in the 

9 ® 

filtrate in Jhc shape of arsenate. The solution is acidified 
with nitric acid, heated to boiling, allowed to cool, rendered 
e.xactly neutral by ammonia, and, after the addition of one 
drop of nitric acid, again neutralised, until a drop of the 
solution produces a blue tfnt on red litmus paper only after 
some seconds. Silver nitrate is then added, drop by drop, 
until no further precipitation takes place ; the silver arsenate 
is collected on a filter and washed with cold water, until the 
filtrate no longer gives a turbidity with hydrochloric acid. 
The silver arsenate is dissolved on the filter in very dilute 
nitric acid, 5 c.c. of an iron solution in sulphuric and nitric 
acid is added as indicator, and the solution titrated by Nj\o 
ammonium-thiocyanate .solution up to the appearance of a 
pink colour. Each c.c. of the thiocyanate solution corresponds 
to 0-0025 grato As. The second method is preferable to the 
first, since in this, arsenic may be lost by volatilisation of its 
chlorida 

List' heats 2 grams pyrites with sodium peroxide, which 
transforms the arsenic into arsenic acid ; this is estimated by 
the method of Blattncr and Brasseur, described above. Parr' 
also employs a sodium peroxide mixture. 

Ebough and Sprague “ .fuse pyrites with sodium carbonate 
and zinc oxide, acidulate the aqueous extract with acetic acid, 
precipitate the arsenic’acid by silver nitrate, dissolve the silver 
arsenatc-ii dilute nitric acid, and titrate it with ammonium or 
potassium sulphocyanate. 

Low’ heats the ofe with potassium bisulphato. iailiric 
acid, and concentrated sulphuric acid, precipitates from the 
solution the arsenic (and antimoijy) by H.^S, dissolves the 
sulphicj^s in ammonium sulphide, and titrates by iodine solu- 
tioli, for wj^ich detailed instructions are given. This titration 
is-also gnployed by Flatten® 

Other methods are de?cr<-bed by Guedrias® and Hattensaur.’ 

'rZ. arij^cv). C/iem., 1903, p. 415. 1 " 

^ J. Amer. Chem. i'or.} 1908, p. 7^4. 

' '‘•'Ibid., p. 1^75. 1 Ibid; 1906, p. 1715. 

* J. Hoc. Chem. Init, 1894,' p. 1524. 

I* Rev.'jf'n. fhtln. pure et appl.^ 1908, p. 251. 

' ’’ Chem. Zeit. Rep., 1911, p. 391. 
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Schiirmann and Bottcher' discuss the formci* methods for 
estimating arsenic in pyrites, and give their^own mctliod. 

t * 

Estimation of Zinc. 

This is sometimes estimated in jpyrites,*bccausp the sulphur 
combined with zinc is lost in the ordinary process of burning. 
The method of Schaffner, described in Lunge’s Technical 
Methods of Chemical Analysis, ii., p. 291, is not available in 
this case in its original form, owing to the large preponderance 
of iron, but it can be employed if the iron is first removed by 
Rothe’s ether process. 

Zinc can be estimated by gravimetric analysis. Dissolve 
I gram pyrites in aqua regia, as described on p. 100 of the tc.xt, 
evaporate off the excess of nitric acid, treat the residue with 
5 c.c. strong hydrochloric acid, add water, and saturate with 
hydrogen sulphide to remove any metals yielding sulphides 
insoluble in the acid solution. Any precipitate formed is 
filtered off, the filtrate freed from H,,S by boiling, and 'oxidised 
by aqua regia. The oxidised solution, after cooling, is treated 
with ammonium carbonate until the resulting precipitate re- 
dissolves very slowly ; ammonium acetate is then added, the 
.solution boiled for a short time, and filtered. The basic ferric 
acetate so.precipitated carries dowif some of the zinc, and must 
therefore be dissolved in hydrochloric ^cid and again precipi¬ 
tated ; the operation is repeated so. long as any zinc can be 
detected in the filtrate. The combined filtrates are concen- 
tratedif necessary, and the zinc is precipitated in the warm 
solutImT" by H.^S; the whole is then allowed to stand for 
twenty-four hours, the clear liquor is decanted, and the ZnS 
filtered off and washed. The precipitate and filter arc treated 
with, dilute hydrochloric acid, and the resulting, splut.^n, after 
boiling until free from Ilj,S, Altered, precipitated witb carbonate, 
and the zinc carbonate well'wasfled, dried, and cotffltrted Y>y 
ignition into ZnO, of jvhich one ^alt = 0-8034 For very 
exact determinations silica, oxjde of iron, and alumina 
precipitated with the zinc oxide must be estimated and, alJowe 3 
for ; this, however, i.-? seldom necessary.* ,* 

i I • ^ » t 

1 Client. Zeit., 1913, 37, 49-51 ; J. Ghent. See., 1913, 2, 152.* 
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Rubricius** estimates small quantities of zinc in ores and 
pyrites cinders as follows ;— 

Dissolve 5 grams of the ore in i 5 c.c. concentrated hj dro- 
chloric acid, with application of heat, add a few c.c. of concen¬ 
trated nitric acid, evaporate to a small bulk fbut not to 
dryness). Allow to, cool, and stir up with 30 c.c. concentrated 
ammonia sofution. The pVecipitate is twice or three times 
treated with ammonia, filtered and washed with hot water. If 
the filtrate does not, by a blue coloration, indicate the presence 
of copper, add a little cupric sulphate, heat to boiling, add a 
little sodium sulphide, filter off the precipitated sulphides, wash 
with hot water, dissolve the ZnS by hot dilute hydrochloric 
acid, precipitate the zinc from the boiling solution, and weigh 
it as ZnO. If any manganese is present, this is icmoved from 
the mixture of sulphides by treatment with dilute acetic acid, 
previously to the treatment by hydrochloric acid. 

Estimation of Selenium. 

The‘detection and estimation of selenium is described by 
Klason and Melliquist." According to them, both the acid 
from the Glover tower and the chamber acid may show a red 
colour, caused by colloidal selenium. Some of the selenium 
dilst contained in the pyrites burner-gases is retained in the 
Glover tower, but most of'it passes through the tqwer and is 
found in the chamber ;^cid. 

Their method for estirjiation of selenium is as follows :—20 
to 30 gi^ms of the ore arc dissolved in hydrochloric acid 
(sp. gr. 1-19) and potassium chlorate. After filtering frpm 
gangue, the iron is reduced to the ferrous state, by fiieans of 
zinc, more hydrochloric acid is added, the .solution boiled and 
the .selenium precipitated by stannolis chloride. Since it may 
contain«!rscnic, it is collected on an asbestos filter, dissolved 
in potassium iodide,, and" again precipitated by hydrochloric 
add and*'sulphur dioxide. Vhe further treatment is similar to 
that described under sulpHud' 

A #imple roasting of, the pyrites* in a current of oxygen 

1 Qhem. Zeit.., 1915, p. 198. See also Urbascli, Abstr. Soc. Chan. Ind., 

.1922,9.218. % ‘ ’ ‘ I 

2 Arkiv. A'em. Mih. Ceol. \J. Chlm. Soc. Abstr.,'1^12, 2, 201); Z. 
angav. Chem., 1912, p. 514 ; Chetn. Soc., 1912, 2, 201 and 990. 



Analysis of pyrites *' ’ ii9 

does not convert all the selenium into dioxide. ’Examination 
of fourteen samples ol" pyrites showed great variations in the 
proportions between the selenium going away wi^h the roast- 
ing-gases and that remaining in the pyrites cinders. If the 
pyrites coiftains copper or lead, much more selenium remains 
in the cinders than otherwise. , 

J. Meyer and W. von Gaon ’ dAcribe a colorimetric method 
for estimating minute quantities of selenium, and a method of 
titrating with thiosulphate for the estimation of more con¬ 
siderable quantities of selenium. J. Meyer " de.scribcs improve¬ 
ments in the gravimetric estimation of .selenium. Gutbier and 
Kngeloff^ describe the results that have been obtained by these 
methods.'* 

Estimation of Copped. 

Koelsch** reduces the difficultly soluble ferric scsqiiio.xidc to 
protoxide by heating lo grams of the burnt ore with 5 to 7 grams 
solid sodium hypophosphite and 40 c.c. hydrochloric acid (sp. 
gr. I’i6) to boiling, dilutes (without filtration) with joo c.c. 
hot water, precipitates the copper by sodium sulphide solution, 
filters, ignites, adds a little nitric acid and sulphuric acid, 
drives the acids off by heating, and estimates the copper by 
electrolysis. For leis accurate work, the filter and precipitate 
are heated with 10 c.c. nitric acid (sp. gr. i-q), a little urea is 
added, the solution is cooled, rendered faintly ammoniacal, 
then acidified with acetic acid and titrated with thiosulphate, 
after adding potassium iodide. The treatment with hypo- 
phosphite and hydrochloric acid can be applied wherever 
hig IAi**ignited ferric oxide is to be brcgight into solution. 

The Duisburg copper-works employ the following process :— 
Five grams of pyrites, ground and dried at 100°, are gradu¬ 
ally dissolved in 50 c.c. nitric acid (sp. gr. i-2) in an inclined 
Krlenmeyer flask. As soon as the violence of the reaction js 
over, the flask is warmed arid ev^oratioh allowed’ to proceed 
until sulphuric acid vapours are ^given off. The drjT residue 
is dissolved in 50 c.cr jiydrochloric acid (sp. gr. i-ip), and 
after the addTtion of sodiiwh hypophosphite (2 grams NaHjPO^ 

' anal. Chen^, S 3 , 29. ^ 145. * • 

8 4^193. . ’ 

■* Compare also Meunier, Comptes rend., 1916, 163, 332. 

Chem. Zeit., 1913, p. 753. 
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dissolved in ^ c.c. water) the solution is boiled for a time to 
remove arsenic, and to reduce the ferric to ferrous chloride. 
An excess of strong hydrochloric acid is then added, the 
solution diluted with about 300 cc. hot water, hydrogen 
sulphide passed in, and the precipitate filtcreb off and 
thoroughly washed. , A hole is made in the filter by means of 
a glass rod, the precipitate is washed back into the precipitat¬ 
ing flask, and the metallic sulphides adhering to the filter 
paper, as well as the main bulk of precipitate, are brought 
into solution by treatment with nitric acid. The solution in 
the flask is then evaporated to dryness on the water-bath ; the 
residue is again taken up by nitric acid and water, neutralised 
by ammonia, and dilute sulphuric acid is added in slight 
e.xcess. When cold, the solution is filtered in order to remove 
any lead sulphate and other insoluble matter ; the flask and 
the filter are washed by water containing sulphuric acid ; 3 to 
8 c.c. of nitric acid of sp. gr. 1-4 are added to the filtrate, and 
the copper is deposited electrolytically. From the weight of 
copper found, o-oi per cent, is deducted for the simultaneously 
deposited bismuth and antimony. 

List* burns the pyrites in a porcelain crucible of special 
shape, extracts the product by hydrochloric acid, ncutrali.ses 
with ammonia, adds sulphurous acid, and precipitates the 
copper as cuprous thiocyaijate ; this is oxidised by a mixture 
of sulphuric and nitric acids to sulphate, and the copper 
determined by electiAlysis. Electrolytic methods for the 
estimatioc of copper in ores are also employed by Ileidenrcich ^ 
and Treadwell.® 

For the electrolytic vstimation in presence of ar.sejc >c7lfhti- 
mony, or bismuth, D. J. Demorest “ states that copper is entirely 
precipitated as cuprous thiocyanate,from a solution containing 
ammonmm sulphate, ammonium tartrate, and tartaric acid. 
The ore (i;gfam,^or more if the sample is low in copper) is 
treated Recording to the method given in the preceding abstract, 
using, however, 7 c.c. each, of hydrochloric acid and nitric acid, 
5 c.c. of sulphuric acid, 30 c.c. of wat(i>-,‘and 2 grams of sodium 
sulphite. The precipitate of cuproifs thiocyanat'e, after being 

’ Z. angew^ 1903, 416. “ if. anal. C^em., 1901, p. 15. 

® Oicm. Zeit., 1912, p. 961 ; /. Citem. Soc. Ai.r/r., 2, ’998. 

< J. Ind. Eng. Chem., 19' 3 . S, 216 ; /• Chem. Soc. Abstr., 1913, 2, 342. 
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collected on a dense filter, is washed several Yimes with a 
solution containing about i per cent, of poyissium thiocyanate,* 
and the same amount of tartaric acid. The precipitate is then 
dissolved in nitric acid (i : 2), using as little as po.ssiblc, the 
solution belled to destroy all the thiocyanate, the volume made 
up to 125 C.C., and the copper estimated ijlectrolytically. 

A new modification of the eleArolytic estimation of copper 
is given by F. G. Hawley.* 

The thiocyanate permanganate method is given by D. J. 
Demorest,^ who modifies Guess’s method of Grossmann and 
Holter ** by oxidising most of the thiocyanate with alkaline 
permanganate and completing the oxidation with acid perman¬ 
ganate ; a correction factor is thereby avoided. 

The weight of ore taken should corrtain 0-05-0'3 gram of 
copper. It is heated for several minutes with 5 c.c. of con¬ 
centrated hydrochloric acid, after which 10 c.c. of nitric acid 
arc added, and the ore digested until complctel)? decomposed ; 
10 c.c. of sulphuric acid (l : l) are added, and the whole 
evaporated until sulphuric acid fumes appear. It is then cooled, 
50 c.c. of water containing 3 grams of tartaric acid added, and 
heated until all soluble salts are dissolved ; again cooled, 
ammonia added until the liquid is a deep blue, and then 
acidified with sulphuric acid. After the addition of i gram of 
sodium sulphite, di.ssolved in 20 ,c,c. of water, the .solution is 
heated nearly to boiling, and then a solution of i gram of 
potassium thiocyanate in 20 c.c. of water added, with vigorous 
stirring, to precipitate the topper. It is heated for some time 
to coagulate the precipitate and dissolve the tartaric acid, 
filtd'i'^ through a Gooch crucible, wa'Shed well, and then 30 c.c.i 
of a hot lo-per-cent. solution of .sodium hydroxide run through 
the crucible in order to idecompose the cuprous thiocyanate ; 
and again washed well. The filtrate is warmed 10^50°, and 
the thiocyanate present titrated with perpianganaff, spot-tdstfng 
it from time to time witlj fer»ic chloride and luairochloric 
acid. When the red colour i>» the spot-test becomes very 
faint, 30 c.c. of sulphuric acid (i : i) are added, all Jhc man- 

* Eng. and Min. J., 192*0, no, 162-165 ! J- Chein. Soc. Abstr., 1921, 
2,216. . , , 

^ J. Ind. En^ Chem., 1913. j, 215-116; J. i'fieni. Sec. Abstr., 1913, 
*, 341 . * 

® J. Chem. Soc. Abstr., 1909, 2, 449. 
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ganese dioxide allowed to dissolve, and the titration finished 
with permanganate. 

No elements intcrrcrc with the method except silver; any 
lead present ^ is collected as sulphate after evaporating with 
sulphuric acid. The results are accurate. 

A rapid process,for the estimation of copper in roasted 
pyrites is given by Hermanrl Koclsch.' 

Estimation of Iron. 

The ferric oxide of 0-5 gram pyrites cinders is dissolved by 
heating the burnt ore for some time with concentrated hydro¬ 
chloric acid ; the boiling solution is reduced by zinc, or pre¬ 
ferably by stannous chloride, the excess of which is removed 
by addition of a little'mercuric chloride ; the solution of ferrous 
chloride thus obtained is poured into 1 litre water, to which 
about 2 grams manganous sul[)hatc and a drop or two of per¬ 
manganate solution have been added. In this solution the 
iron is estimated by titrating with decinormal permanganate 
solution.' 

Estimation of Lead. 

The lead remains in the shape of sulphate in the residue 
frotn treating pyrites with aqua regia.I't is extracted from 
this residue by heating with a concentrated solution of 
ammonium acetate ; this solution is finally evaporated, with 
the addition of a littlt? pure sulphuric acid, in a porcelain 
capsule, dried, and ignited. 

Koch * titrates the lead by sodium sulphide solution. Low '' 
dissolves the lead sulphate in sodium-acetate solution, c^sw^rts 
it by addition of potassium bichromate into lead chromate, 
converts this by digestion with a hoj solution of oxalic acid 
into oxalate, and titrates this by potassium permanganate. 

2A. COAL-PYRITE.S 

A certain quantity of pyi'ites is picked from coal, and is 
known coal-pyrites or coal-brasses, * ff quite free from coal 
it' is usually very rich in sulphur, anS there are many firms 

' Chem. Zeit., 19*2, 37 , !'35 ; J. Chem. Soc. A'dstn, 1913, 2, 729. 

Viiie text,‘p. 11.5 e} seg. ' *■ CAem. Zeit., 1^08, p. 124. 

* f. Amer. Chem. Soc., 1908, p. 587. 
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in this country usin^ such material in’ the iflanufacture of 
sulphuric acid, and a very good quality of acid is produced i 
therefrom. 

Owing to the great demand for pyrites diuing the War 
considerabfe quantities of coal-pyrites were recovered in America, 
and an article in the Chemical Trade Journal for 1917, p. 240, 
on the utilisation of pyrites in cbal, states that* the results of 
experiments on this subject have been published in Uullctin 5 i 
of the University of Illinois. The cutting off, to a large extent, 
of the supplies of Spanish pyrites created new conditions in 
the American market, and experimental work wa.s conducted 
with a view to obtaining pyrites clean enough for industrial 
utilisation, and also coal as a by-product. To meet the demands 
of purchasers of pyrites, a certain degree.of purity is necessary, 
i’erfcctly pure pyrites should contain 5 3‘45 per cent, of sulphur 
and 46-55 per cent, of iron. The pyrites found in Illinois coal, 
even when appearing perfectly clean, docs not contain 53*45 
per cent, of sulphur, as there is some impurity, probably carbon, 
generally combined or intimately mixed with it; thus,a sample 
of apparently absolute purity would probably show by analysis 
about 50 per cent, of sulphur. In 1917, the demand was so 
groat that some mines were shipping hand-picked pyrites 
without further cleaning, even though its content of sulphur was 
not so high as 40 per cent. Certain mines in Illinois have 
been abandoned owing to the high pyrites content of the coal. 

The best sample showed 48-5 p^r cent. Samples from 
other States contained on'an average 44 to 48 per cent. It 
is generally assumed that carbon dioxide exercises an injurious 
acti&'B'in the lead-chambers, and foi* this reason coal-brasses , 
have not been considered good raw material for the manufacture 
of sulphuric acid until quitf recently. The statement that carbon 
dioxide is injurious arises either from inaccurate information, 
or from difficulties encountered in making sulphuric acid from 
roughly hand-cleaned coal-p*Yrites,ore containing frogi jo tot 25 
per cent, coal with its accomp^inying volatile matter. The 
maximum amount of sarbon in pyrites concentrates ^allowed 
without penalty is generally 8 pef cent. The total carbon 
content of several sivnples varied from,2-9 tq 6-76 pe^ cfent. 

In connection with storage, the Aendene;^ of ooal-pyrites to • 
fire spontaneously must be considered. It is well known thlt 
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hand-picked pyrites, containing, as it does, generous amounts 
of coal, takes fire quite readily during storage. Information 
covering storage, for long periods of time, of washed pyrites 
concentrates, which ordinarily contain less than 5 per cent, of 
carbon, are not available. ' 

Spanish pyrites frpm Rio Tinto district contains an average 
of '91 per cent, arsenic. Pyrites recovered from coal-mining 
operations showed much less arsenic in six samples examined, 
the lowest being 0-005 per cent, and the highe.st 0.056 per 
cent. The results on these samples can be taken as fairly 
representative of coal-pyrites concentrates, and show- that the 
arsenic content of this material is negligible. 

The clinker or cinder remaining after burning off the sulphur 
from pyrites has becnmtili.sed as an iron-ore. The material is 
generally so fine that it requires agglomeration or nodulising, 
as well as roasting, to remove the remaining sulphur. 

Several other factors determine its suitability for use as an 
ore of iron, but because of the present low phosphorus iron-ore 
situation, it was considered advisable to determine the amount 
of phosphorus present in coal-pyritc.s. Ten samples of coal- 
pyrites concentrates were obtained at pyrites washerics, and, from 
milling tests on half-ton lots of coal-pyrites ore, the analyses 
were made. The percentage of phosplujius found to be j^resent 
in the pyrites varied from O-pOj to 0-083 these concentrates. 
Seven of the samples contained less than 0-015 per cent, 
phosphorus, while four .-iliowed le.ss than 0-008 per cent, phos¬ 
phorus. It is apparent that a considerable portion of the burnt 
coal-pyrites cinders could be used for the production of low- 
phosphorus iron. 

The results of the test made led to the conclusion that the 
practical separation of pyrites from Illinois coal for the purpose 
of obtaining a commercial grade, with coal as a by-product, 
presents no^'dlfficulties when performed by crushers, screens, 
and concentrating machines »ada^fed to ordinary ore-dressing 
work. The chief problem js 4o secure a plant of the greatest 
simplicj^ty and lowest cost. At the samL time it should be of 
good capacity, and should* yield a high percentage of recovery 
of thd pyrite.s. The experiments indicate .that a simple plant 
will recover about per cent. of|the pyrites i^ the coal, and 
that, if the middlings product from the jig is crushed and re- 
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treated, this recovery can be increased fo aboirt 87 per cent. 
This pyrites will avera*ge more than 40 per cent, of sulphur, and 
may be sold directly to chemical or fertifiscr manufacturers. 
The coal recovered as a by-product is not greatly inferior to 
ordinary sjrcenings. 

The following extracts are from another article on the use 
of coal-pyrites, by II. F. Yancy, Assistant Chemist, Bureau of 
Mines.' 

A survey indicated that about 1,500,000 .short tons of 
pyrites concentrates could be recovered from the coal-mining 
operations in the Eastern and Central coal-fields of the United 
States. 

The preparation of samples for analysis and the determina¬ 
tion of sulphur by various methods are. fully dealt with, and 
very many were analysed. 

The State of Ohio was represented by 47 samples, 24 of which 
contained less than 40 per cent, of sulphur. Only 4 per cent, 
of them contained less than 3 5 per cent. The best sample had a 
content of 51-2 per cent, which was the highest met wi,th during 
the entire investigation. Thirty-six samples were collected in 
Missouri coal-mines ; 22 per cent, of those examined contained 
less than 40 per cent, whilst only 5 per cent contained le.s.s than 
35 per cent 

3. Zinc-blende 

This mineral is now the principal' zinc-ore. Previously to 
reducing the zinc, the blende must be roasted in order to 
convert it into ZnO, and this process was formerly carried out 
witl'iWr^ attempting to deal with ^Ihe enormous quantities 
of SO.^ formed. Legislation at last interfered with this pro¬ 
cedure, which of course -Jaid waste all the country round the 
zinc-works, and compelled measures to be taken fo_5 dealing 
with the noxious gases. Part of these,are now‘,u.sed fof the 
production of liquid sulphijr dioxide ; ^ mostly, hoiyqycr, tJiey 
serve for the manufacture of sulphuric acid, so that blende has 
now become one of the. more important raw materials^ for this 
purpose. The historic;?! development of this industry will be 
related in Chapter IV. , » ' 

1 Cliem.and^et. Eng.,22, 10^-109 ii'er. CTd/’./«^/., 1920, p. i 8 i 5 a. 

2 Cf. Ch.2pter IV. 
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Blende occurs in large quantities, for instance, in Silesia, 
''Westphalia, Rhineland, Austria, Wales, the Isle of Man, Spain, 
Italy, France, New South Wales, the United States, in nearly 
all of which -localities it is utilised for the manufacture of 
sulphuric acid. ' 

Pure zinc-blende is a white transparent mineral ZnS, and 
contains 32'9'per cent. S anti 67-1 per cent. Zn. The com¬ 
mercial ore is, of course, always impure and generally black or 
brown, and contains several per cent, of iron as amorphous 
FeS, and frequently some manganese. 

If pyrites, FeS,^, is present the sulphur assay rises. 

Dra.sche analysed a blende from Carinthia : ZnS, 68-41 per 
cent.; PbS, 4-55; l'cS„ 2-05; ZnCOj,2-40; CaCOj,8-93; MgCOj, 
10-62; A1,,0.„o-63; gangue (principally quartz), 2-32 percent. 

Pennsylvanian blende, according to F. A. Genth ; Sulphur, 
32-69 to 33'06 percent; Zinc, 66-47; Iron,0-38; Cobalt, 0-34. 

Analysis of Zinc-blende. 

The sirlphur is estimated by the wet method as described, 
p. 100. In the roasted blende the same method must be 
employed, since the dry methods, Watson-Lunge’s,' in this 
case give quite wrong results. , 

The e.stimation of the zinc contents of the blende docs not 
concern us here; the methodscused for that purpo.se are described 
in Lunge-Kcane’s Technical Methods of Chemical Analysis, 
1908, vol. i., p. 289 ct seq., and /. Soc. Chem. fml, 1916, pp. 543 
and 1094. 

l-'or the estimation of sulphur in zinc-blende and roasted 
blende, Koelsch^ fuses 0-1)25 gram of blende, or 1-25 gtSIh of 
roasted blende, with 15 grams sodium peroxide in an iron 
crucible. The cooled mass is dissolved-in about 15oc.c.of water, 
the solution nearly neutralised by hydrochloric acid, diluted to 
25^ C.C., filteceef, and the .sulphuric acid estimated in 200 c.c. of 
the-filtratohy precipitation as barium sulphate. The presence of 
a small quantity of silica in'tlA; ore does not appreciably affect 
the resui^s. This proce.ss 3/ields resuhs* coinciding, with those 
obtained by fusing with potassium chlorate and sodium carbon¬ 
ates, and better results -than dissolving in- aqua regia, which 

1 Lunge, 4th ed.,*p. 104. 

2 Chem. Zeit., 1916, 40, 174. 
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cannot be recommended, least of all for crude blende. The iron 
crucibles employed for the process above described, of 2 mm. 
thickne.ss of plate and a capacity of 25 c.c., stand about twenty- 
five fusions. They are best placed in iron triangles, those of 
stoneware being quickly destroyed. 

A rapid method for the deterinination of sulphur in roasted 
blende is described by Nitchie in* /. Soc. Cheni. hid., 1912, 
p. 30 et scq. It consists in heating the sample, preferably in 
a boat, by means of an electric tube furnace, in a current of 
air to about 1000 , absorbing the resulting oxides of sulphur 
in an exce.ss of standard alkali solution and titrating the 
excess, phenolphthalein being used as an indicator. This 
method (which, according to Nitchie, does not answer for raw 
ores) occupies less than ten minutes from- taking the sample to 
completing the titration, and may be entrusted to boys with 
but little training in chemical manipulation. 

Hassreidter' tests roasted blende (i) for zinc sulphate, by 
extracting with warm water and estimating the zinc in the 
solution by Schaffner’s method ; (2) for sulphides, by boiling with 
a solution of 39 grams tin in i litre concentrated hydrochloric 
acid, and pa.ssing the gases containing H.,S through a ten-bulb 
tube charged with a solution of bromine in hydrochloric acid, 
where all the sulphur is retained as HjSO^ ; the latter is found 
by precipitation with barium chloride, after previously removing 
the excess of bromine and approximately neutralising with 
sodium carbonate. " 

F. Meyerdescribes methods of analysis for sulphur in 
the cinders. As a quick method for checking the work, the 
foremr«. makes the following test he heats the cinders 
with 10 c.c. dilute hydrochloric acid (i : 2) in a small fla.sk, and 
places into the neck of this a slip of paper, moistened with 
neutral or faintly alkaline solution of lead acetate; from the 
depth of the brown colour produced on the paper he judges 
the state of roasting. ' , „. . 

Max Liebig ’ dissolves 2 gram'', of the cinders in aqua regia, 
by slowly heating in a flask, placed on a sand - bath in a 
slanting position. He then evaporates to dryness, dissolves 
in water acidulated with hydrochloric, acid, ,filters, dilui'es to 

* Z. angeiv. 'Chem., 1906, p. •''37. t _ 

2 Ibid., 1894, p. 392. 3 Zink und Cadmium, p. 34'. 
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200 C.C., places all ‘the samples on a dark surface, adds an 
excess of 5/16 normal barium-chloride solution (of which, when 
working on 2 grams of cinders, each c.c. indicates per cent. S), 
and notes the number of seconds elapsing until the appear¬ 
ance of an opacity which admits of judging on the sulphur 
contents. 

In sampled containing 2 per cent. S or upwards the same 
author estimates the sulphur by the method of Wildenstein,' 
which consists in running in a solution of barium chloride, 
with application of a bell-jar filter. The solution contains 
76-25 grams BaCl.^, 2ir.,0 per litre ; and t c.c. of it when work¬ 
ing on a 2 grams substance indicates 0-5 per cent, sulphur. 

Accurate Methods. — The estimation of the sulphur is 
carried out volumetrically by the method of Lunge and Sticriin 
(p. 103). In the presence of very much zinc it may happen 
that, in consequence of the precipitation of zinc oxide and 
carbonate dtiring the titration, an opacity is produced which 
makes it difficult to recognise the exact point at which the 
colour oC the methyl-orange is changed to the “ intermediate ” 
point. In such cases it is preferable to carry on the titration, 
both of the pure bicarbonate and of the solution finally 
obtained, until the indicator shows a decided red colour. 

.In the case of cinders containing upvvards of 6 per cent, 
sulphur, the mixture is mad| as follows:—1-603 gram cinders, 
2-000 grams .sodium bicarbonate, 4 grams potassium chlorate, 
2 or .3 grams ferric oxitle, free from sulphur. If we designate 
the consumption of acid for the original bicarbonate = A, that 
for retitration = B, the per cent, of S in the cinders is A — B. 

In many cases there tis an understanding, binding B-rth on 
the sellers and the buyers, that by “ injurious ” or “ removable ” 
sulphur the difference between the tjtal percentage of sulphur 
{a), and that combined in the cinders with lead, calcium, 
magnesium, "of barium to sulphates {b\ is to bo understood. 
The difference — ^ = c sho\^s th^ sulphur still present in the 
cinders in the shape of i^inc- sulphate (d) and zinc sulphide 
(e). Since it is uncertain whether these metals are really 
present in the cinders in “the shape *(»f sulphides,‘Hassreidter^ 
rccontm'Jnds the direct estimation of the “ jnjurious ” sulphur, c, 

1 I.ungc-I^cane’s Technical’Method,' of Chemical ALilysis., 1,278. 

2 Z. angeiv. Ckcm., 1906, p. 137. 
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by estimating- the sulphur of zinc sulphate,V, and*zinc sulphide, 
e\ therefore the sum in the following manner:— 

Sulphur of Zinc Sulphate id). —Extract in a ;|-litre flask 
2 5 grams of the cinders with water, fill up wit!)* water after 
cooling, filter, and estimate in 200 c.c. the zinc ( + any cadmium 
present) by the method of Schaffner. 65-37 parts of zinc cor¬ 
respond to 32-07 parts of sulphur •present as zinc* sulphate. 

Sulphur of Zinc Sulphide {e). —Extract 2 or 3 grams cinders 
with a .solution of 30 grams pure zinc in i litre of hydrochloric 
acid of sp. gr. i-19, in a flask with reflux cooler at boiling-heat, 
and pass the H.^S thereby quantitatively liberated into a test- 
bulb, charged with 30 to 40 c.c. of a solution of bromine in 
hychochloric acid, which cau.ses the conversion of the II„S into 
sulphuric acid. Brominated hydrochloric acid is, for this 
purpose, preferable to hydrogen peroxide, because it admits 
of following the progress of the reaction in the test-bulb by 
the gradual decolorisation of the reagent, so that it is always 
possible to recogni.se whether the oxidising agent had been 
employed in the necessary excess. After removing the excess 
of bromine and approximately neutralising the hydrochloric 
acid with sodium carbonate, the sulphuric acid is precipitated 
by barium chloride. 

Some descriptions’ of blende contain aluminates and silicates 
of zinc, which pertinaciously resist the action of aqua regia. 

Lindt* describes the injurious effect of sulphur, whether as 
sulphide or sulphate, in roasted blende’*on the manufacture of 
zinc, which makes it necessary to test for it. 

Presence of Impurities. 

In some ores the presence of substances which interfere 
with the desulphurising is Important: lime, magnesia, strontia, 
and baryta, if combined with sulphur, retain it in, the r^Msting^- 
furnace ; if combined with carbonic acid, this is dri/en off, and 
in some cases the lime, etc., v^ill take up sulphur frorh The ore. 
In considering the sulpljur contents of roasted blende, allowance 
must be ma^e for this c^^-nbined sidphur. Lead becomes a 
nuisance in hand-rabbles furnaces, but Ridge ^ says .thrtt he 

1 Metall und grz, 1915, p. ; Z. (engew. CScm., 1915, 2, 613. ^ 

® J. Soc. Chem. Ind., 1917, p. 676. ' . ’ 
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found no trouble in ‘properly designed furnaces, for if ore high 
in lead is treated continually, an accrdtion will form on the 
hearths, but the rabbles can be made to remove this. High 
iron content''is found in some S'jjanish and German ores and 
makes complete roasting in hand furnaces almost impossible; 
in Germany, he was able, in a mechanical furnace, to reduce 
the sulphur left in the roasted ore more than i per cent, below 
that possible in hand furnaces. 

Most zinc-ores offer the advantage of being free from 
arsenic, but on the other hand they frequently contain 
fluorine, of which even as little as o-oi to 0-02 per cent, 
becomes noticeable. Fluorine occurs with the ore as calcium 
fluoride, which is decomposed in the roasting-furnace in the 
presence of silica and, forms silicon fluoride. If this gas passes 
into the Glover tower it is decomposed and hydrofluosilicic 
acid is formed ; this, in turn, appears to split up. As it is 
usual, when treating zinc-ores, to circulate the tower acids, the 
fluorine contents seem to remain in the circuit, so that the 
attack on the packing of the towers gradually increases, but, 
contrary to expectation. Ridge found no increased corrosion 
of the lead-work of the chambers by fluorine. Many efforts 
have been made to overcome the trouble with the packing. 
Glover towers have been built entirely of* lead, and with lead 
sheets as a packing, so as to avoid the use of silicious material; 
but it is found necessary in this case to use two Glover towers 
in series, the first one* being an empty tower followed by 
a tower filled with suspended lead sheets. Ridge found it 
preferable to overcome the trouble by passing the whole of 
the chamber acid through the towers instead of only circulating 
the tower acids, and by this means keeping down the fluorine 
contents of the acid ; and at the same time to pack the towers 
with a well-burnt brick packing of a suitable composition 
w.hlch "would offer the maximum possible resistance to the 
attack of hydrofluoric acid. Glover towers built in this way, 
and properly operated, have been worked continuously for 
twelve months and longer without trouble. 

Other important impurities affedfe'ng sulphuric acid manu¬ 
facture 'are antimony, mercury, and chlorine. 

Some years ago Ridge,experienced trouble^ in consequence 
of the unexpected presence of chlorine, and on investigation 
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he found that this was due to the ore having Iseen left lying 
for several months oft the wharf at Port Pirie, and sprayed 
with sea-water in order to avoid loss by windage. 

Mercury is found in somd Spanish blendes. ,lt collects at 
the outer yarts of the dish of the lead-chamber where unpro¬ 
tected by lead sulphate, and causes rapid corrosion of the 
lead. This can be overcome by •lining the side's of the dish 
with thin brickwork. 

Antimony occurs frequently in small quantities with zinc- 
blende, and at the high temperature of the roasting furnace 
some of this is volatilised and passes into the acid. On one 
occasion Ridge received serious complaints about the presence 
of arsenic, but found, on examination, that antimony was the 
cause of the trouble. Antimony was found in the zinc con¬ 
centrates from Broken Hill when treating ore from the upper 
levels in one of the mines, but the quantity present was less 
than 0-03 per cent. 

Most zinc-ores have lead associated with them, and some 
of this is generally driven off with the sulphur in the /oasting- 
furnace together with the silver which is combined with the 
lead ; but both the lead and the silver are deposited in the 
chamber sludge. 

The Icad-chambe'r process, when working with hand furnaces, 
has to be carefully watched because of the intermittent evolu¬ 
tion of sulphur dioxide in consequence of intermittent rabbling 
of the ore. In Germany it has beeti usual to reduce this 
difficulty by arranging for, the furnace hands, working on the 
different furnaces, to start their shifts at different times ; but, 
in spite of this, it is not possible to obtain a continuous current 
of uniform gas throughout the twenty-four hours, and, unless the 
process is watched careful^, loss of nitre is the result. With 
modern mechanical furnaces this trouble does not occur. 

The design of the chamber plant does not call for special 
comment. It is in every'way .similar to that*ysed when 
burning pyrites. , 

The nitre compositio,n, and working cost of the plant, are 
not higher tBan with pytitfes. • * , 

Eugene Prost * states that it is generally admitted' that 

1 Bull. Sac. ckim. Belg., 1911,^25, 10^115 ; */. Cheml Sac., 1911, |, 
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lime contained in zinc-blende is converted into sulphate during 
ithe roasting, but some metallurgists have maintained that 
during the operation the sulphate thus formed is decomposed 
for the most'part, and that the sulphate existing in the roasted 
blende is present as zinc sulphate. The latter viewtis contrary 
to what would be expected from a knowledge of the behaviour 
of the sulphaics of calcium wnd zinc at different temperatures, 
but it is impossible to disprove it by analysis of the roasted 
ore, since on extraction with water any zinc sulphate which 
may be present would react with the lime, forming calcium 
sulphate. The author has therefore carried out a series of 
experiments with a pure Transvaal blende containing only 
O'74 per cent, of lime. 

Two experiments were generally carried out side by side, 
the one consisting of roasting the pure ore, the other of 
roasting the ore mixed with a certain proportion of pure lime, 
or of lime mixed with known quantities of silica, lead oxide, 
or iron oxide. From the analyses of the resulting products, 
conclusiqns could be drawn as to the amount of calcium 
sulphate present. 

In the first set of experiments, the roasting was done in 
a muffle at a temperature of 1025-1050°, that is, 100-250° 
higjier than the temperature in a zinc fflrnace. The results 
show that at least 71-85 per cent, of the lime is prc.sent as 
sulphate. Similar results were obtained in a second seric.s of 
experiments, in which tftc mixtures were heated in a Delplace 
zinc-blende furnace. 

Attempts to find a method for analysing a mixture of lime 
and zinc sulphate were u»isuccc,ssful. 

In Lunge’s fourth edition it is stated that the sulphuric- 
acid works recently refused to accept blende contAming Jluorides. 
Truchot* states that blende nearly always'contains calcium 
flwc«-ide, ranging from a few grams to 250 to 300 grams per 
IQO kj^ JlTead is attacked pptabl^ by sulphuric acid of 53° B. 
containing small quantities (jf hydrofluoric or hydrofluosilicic 
acids, and it appears certain that the li/e»of the chambers and 
more so that of the first tdw'er, and fhat of the Glover tower, 
must t)c*considerq^ly shortened by the u.se of blende containing 
fluorine. 

Soi\ C/iem. I mi?, 19 ii, p. 207. 
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Delplace (Ger. P. 200747) removes the fluoricifcs from blende 
by heating the ground* mineral with sulphuric acid, if necessary* 
with additions of silica in the form of powdered glass or (juartz ; 
the fluorine compounds are recovered and utilised. 

Jensch li shows by analyses that the sulphur in roasted blende 
is mo.stly contained therein in the shape,of ferrous sulphide; 
when roasting down to 2 per ctlit. S, no ZnS I’s present, and 
it is therefore quite unnecessary to drive the roasting down 
to 0-5 per cent. S, as is sometimes demanded. 

Statistics. 

Ridge ^ made the following statement: ‘‘In America 14 
zinc smelters make sulphuric acid, but they mainly use the 
contact process.” 

Calculated at Co° B. acid, the American production from 
zinc-blende was : 

year 1911 . . . 230,643 short tons. 

1912 . . 292,917 ,, 

1913 . . . 296,218 „ • 

1914 . . . 4 > 1 , 91 ' „ 

1915 . . . 484.942 

The use of the, contact process for fumes from zinc-ore 
made the biggest strides in the United States, because tlfcre 
the smelters are largely able to rely for their ore supplies upon 
the produce of one or more mines, jtnd are not dependent 
upon small parcels of ore shipped from various parts of the 
world, as has been the case'here and on the Continent. They 
have consequently been able to make provision for eliminating 
any harmful ingredients which may* be prc.sent in the raw 
material which they expect to be treating over a long period. 
The American smelters •also have the advantage of having 
practically no hand-rabbled furnaces. 

In England, acid has jnly been made from*, zinc-ore In 
three plants, and Ridge estimates that their output d»es rfot 
exceed 25,000 tons a year of i?|.c> Tw. acid. This tonnage 
corresponds Jo a production of aboi^t 10,000 tons of spelter. 

1913, 31,290 tons of virgin spelter was made^ in thi! 
country. Part of this was made fi*om jilamine, but the 

* ^ Z. angew. Cftem., 1894, p. 50. . 

^ J. Soc. Chem. 1917, p. 676. 
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available supplies of this ore are steadily decreasing, and it is 
•only a question of a short time when the whole of the metal 
will have to^ be smelted from zinc-blende. The position is 
really worse than is indicated by these figures, because it has 
been customary to roast the sulphide ore in re<tcrberatory 
furnaces from which ihe fumes cannot be used, so that sulphur 
is wasted andThe atmospherS polluted. 

To illustrate the importance of the utilisation of the sulphur 
of zinc-ores. Ridge refers to the figures for Upper Silesia. The 
district produces about 6o per cent, of the spelter made in 
Germany, but a good deal of calamine is still available there, so 
that the maximum production of sulphuric acid from blende has 
not been reached ; the tonnage of calamine treated steadily de¬ 
creases, but the incrca.'fed amount of blende compensates for this, 
and allows a steady increase in spelter and acid production. 
The last figures available are for 191 r, and the accompanying 
table shows the result for every fourth year .since 1887. 


Statistics from Upper Silesia. 


Year. 

Raw UU'ii'lt) rousted. 

Moll If tons. 

Hulplmric Aci<t redncfl to &U' U. 
Metric tons. 

1887 

53,882 

21,013 

i 8 yi 

06 , 2 j 6 , 

32,676 

1895 

84,857 

33,229 

1S99 

12^ 602 

64,029 

190.! 

187,596 

104,26s 

1907 

421,006 

139,840 

1911 

411,352 

213,30 

1912 

-• 

254,008 


Six works still used their old reverberatory furnaces, so 
that all the sulphur could not be ukdi.sed, but for some years 
factory,legislation has prohibited the emission of noxious 
fifnfes, and ,?is‘ the plaints become worn out they have to be 
replaced, by modern installations. , The fumes of the reverber¬ 
atory furnaces are .scrubbed with milk of lime, which is sent to 
waste.. • * 

• In ipi3 m Germany 554,760 metric tons of blende was 
roaste'd for making sulphuric acid ; of this 87,439 tons was 
ijnported from Austtalia arfd 56,^81 tons from other countries. 

Ih Belgium, blende is mainly roasted by the chemical 
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manufacturers, who retain the sulphur and receive’from the zinc 
smelter in addition a’ payment per looo kilos, for roasting, 
the ore. 

The most important and serious factor for .consideration 
here in England is the shortage of zinc-smelting capacity in 
the country. In 1913 our consumption of spelter amounted to 
no less than 224,000 tons, of which 74 per cent, (vas imported. 
After allowing for the metal made by the refiners, we imported 
about 166,000 tons of spelter and zinc in other forms. If this 
quantity were all made from blende, the roasting-fumes could 
be used to produce annually 400,000 tons of 140° Tw. acid. 
There is no reason why this should not be done and the 
corresponding quantity of brimstone and non-cuprous pyrites 
displaced, as well as a portion of the pyrites which is low in 
copper. 

Zinc-ore must be treated because spelter is required, and if 
the work is not done here it will have to be done elsewhere. 
Cheap sulphuric acid has always been an important factor in 
the chemical industries, and unless we use the re.sourc,e.s of the 
Empire others will do it for us, and we shall be obliged to 
look on while the foreign subsidiary industries using the acid 
go ahead. 

.According to {he Bull. hup. Inst., iqiS* 611-6.34, 
after the outbreak of war the ^demand for zinc increased 
enormously, whereas the British supply, most of which had 
previously come from Germany and B(?lgium, was considerably 
reduced. , 

In the United Kingdom little zinc is found, and the quantity 
of sulphuric acid made from blende, is insignificant in com¬ 
parison with that produced from pyrites or spent oxide. 
About 20,000 tons of zinc-ore is produced per annum, chiefly 
in Cumberland, Northumberland, Isle of Man, Wales, and 
Dumfriesshire and Lanarkshire. Deposits of zinoores occar.in 
various parts of Canada, ahd efforts are now bern.g inade.to 
develop the zinc-smelting industjy.. Zinc-ore is also found in 
Queensland, Tasmania,, New Zealand, Newfoundland, Egypt, 
Nigeria, Rlibdesia, and S*. Africa, ahd, associated with copper- 
ore and galena, at Tsumeb in the former perman Colony of 
South-west j'^frica. The most import:w>t deposits in the 
British Empire are those Broken Hill, N.S.W., where, tfy 
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concentration* and separation processes, two chief products arc 
», obtained, viz. zinc-ore containing about* 45 per cent. Zn and 

5 per cent. Pb, and lead-ore containing 65 per cent. Pb, 

6 per cent. *i^n, and varying quantities of silver. Except for 
the small quantity of ore smelted at the plant ofMhe Broken 
Hill Associated Smelters at Port Pirie, S. Australia, and about 
20,000 tons exported to England and smelted at the Sulphide 
Corporation’s works at Seaton Carew, the whole of the Broken 
Hill production was formerly shipped to the Continent. 

The imports of zinc-ore into the United Kingdom during 
1912-14 were as under :— 


From 

lOTi. 

11113. 

Ifll. 


Tons, 

Tori'*. 

Tons. 

Australia. 

20,611 

16,772 

78,503 

Italy. 

13.963 

13,801 

23,280 

Algeria. 

S ,707 

9,362 

6,929 

Gennany . 

5,004 

7,169 

5,190 

France . 

3 . 40 » 

4.337 

3.175 

Spain ..... 

8,417 

6,348 

6,474 

Russia ...... 

21 

315 

6,436 

Japan . 


1.190 

5.191 

Other countries 

7,208 

5,346 

9,073 

Totals . 

67,339 

64,580 

- 1 - 

144,251 


1 

The increase of imports to Great Britain in 1914 is due to 
shipments being diverted or captured at the outbreak of war, 
and only part of the ori was treated in the country. 

In Germany the quantity of acid produced from blende 
does not suffer sensibly from that produced from pyrites. In 
Belgium, on the other hav.d, 65 per cent, of the total production 
of sulphuric acid was made from blende, explainable by the 
fact that Belgium produced annually nearly 200,000 tons of 
zinc, representing a quantity of blende to be desulphurised of 
aljcv.it tons. So considerable a production would be 

possible only with cTifficultyj if the Belgian zinc-works were 
obligecTthemselves to desulpijurise' all the blende treated in the 
zinc furnace.s. That is why these factories have working 
arrangements with the acid-works, mine or less in rtieir vicinity. 
The latter receive^ the raw blende, extract the sulphur, and then 
return the roasted U|,ende tq the zinc works. 

‘ U.^es of Zinc .^—About 80 peJ cent, of the world’s output 
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is consumed in the process of galvanising, other important uses 
being the manufacture? of alloys, pigments, the de-silverisation , 
of lead, and precipitation of gold from cyanide solutions. 

* 

4. I^-PRODUCTS OF OTIIKR MANUFACTURERS 
a . Spent Oxide fro^ Gasworks. . 

We have already {supra, p. 34) treated of this oxide as a 
material for obtaining free sulphur. We shall now describe it 
in respect of its application for the manufacture of sulphuric 
acid, which is carried on in many place.s. 

Coal-gas is universally purified from sulphuretted h)'drogen 
by passing it over hydrated ferric oxide. The il.^S of coal-gas 
is due to the presence of pyrites, contained in the coal, the S of 
which appears in the gas mostly as sulphuretted hydrogen. 
Most works remove this from the gas by a mixture of hydrated 
iron oxide and sawdust. In this case sulphide of iron and 
sulphur are formed, according to the equation 

2Fe(OH)j + 3H2S 2FeS + S + 6H./> ; 

and when the mass, having become inactive, is exposed to the 
air, it again passes over into ferric hydroxide, more sulphur 
being precipitated, thus : 

2FeS + O3 + 3H.,0 = 2Fe(OH)3 -F .S.,* 

The hydroxide thus reproduced and mixed with sawdust is 
again used in the purifiers, and is regenerated about thirty or 
forty times over before the sulphur has accumulated therein to 
such an extent that the mixture does not work any longer ; it is 
then replaced by fresh oxide, and the •spent material is passed 
over to vitriol-makers. 

Phip.son states the conysosition of such a mass to be :— 

Water . . . . .14 per cerU. 

.Sulphur . . . . . 6cr • „ » . 

Orgiinic substance insoXiblc in alcohol ■ 3 

Organic substance soluoi% in alcohol (cal- * 

ciutn fcrrocyaniiie and sulpi*oc*yanidc, 
ammonium sufphocyanide, ammonium , 

chloride, hydrocarbons) .* • >'5 » • 

Clay and sand . . . . , 8 „ • 

Calcium carbonate, ferric oxide, etc. . »i3-5 „ 

If the oxide contains coni^dcrable quantities of cyanides, ft 

• • 
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may cause gj^oat trouble in the manufacture of sulphuric acid 
{31st Alkali Report, p. 89). ‘ 

Hot water extracts the fcrrocyanides and sulphocyanides, 
together witli ammonium chloride; the solution can be evapor¬ 
ated to dryness, and the residue separated by ulcohol into 
insoluble calcium ferrocyanidc and soluble sulphocyanide and 
chloride. ‘ r. 

I he following table gives the composition of spent oxide, 
proceeding from different raw materials :— 



Pii'i 

I'KOII).,. 

Biig-iroii. 

I)M‘. 

Cojiperas. 

Ufut 

oxidi*.*'. 

]‘'eriic hyclroxititi 
'^awiiust . 
Calcium cailionatc 

Ammonium .suI- 

17-74 to 19.36 
i-pS 472 

O' ,, 1-04 

15.96 to 26-42 
I-I 4 „ 372 
0- 0 173 

5*04 to 6-84 
1*04,, 3’24 

0* 

8*72 lo 20*40 
2* 16 ,, 976 
0* ,, 10*36 

piiocyanidc 

Ammoniumft'iro- 

1*99 » 

27.1 

0-94 

1-93 

1*98 , 

3-41 

1.18 

„ 4-72 

cyanide . 

Tarry matteis . 
Sulphur 

Iiibolulile^ in di- 

trace 

0-72 to 1.22 
62.44 .. (j7oS 

trace ,, 
0'92 0 

48.76 

0-21 

I.14 

57-44 

0-27,, 0-64 
0.72 ,, i-iS 
48 76 0 55-74 

trace 

0-55 

32-42 

0 0-44 
„ 1-04 
,, 42-16 

lute I in 

I’riissian hluc 
Calcium sulphate 
Ammonium sul- 

3-66 , 

5-47 

9-74 0 
trace ,, 

11*42 

0*17 

7-82 , 

trace , 
trace , 

12-68 

1-74 

1-43 

12*12 

trace 

0* 

„ 20*71 
,, 0-64 
.7 3*23 

phate 

M^oi^turc (hyditl.) 

472 , 

5.76 

7*22 „ 

10-82 

12-7,8, 
7-98, 

16.72 

9*23 

0* 

7-49 

„ 1.14 

0 33-41 


Prom these analyses it can be seen, first, that it i.s decidedly 
best to extract the maA at first with water, in order to remove 
the ammonia compounds, which are in themselves valuable, and 
which, if they get into the chambers, destroy a good deal of 
nitre (their value is certainly greatly lessened by the sulpho¬ 
cyanide) ; secondly, that sometimes a considerable quantity of 
calcium carbonate is present, which may get into it at the 
gasworks by lime being added, on purpose or by mistake, and 
\%lMch, 6f course, retains an equivalent quantity of sulphur in the 
shape oj gypsum, fn fact, a saitfple of the residue left after 
burning’ contained: , * 

Insoluble. . 33.386 Calcijirt sulphate . 13.315 

feme o.xidc . 52.399 Sul)*iur . .* 0.200 

TheSe impurit,ies (which cause a loss by retaining sulphuric 
acid) and the sulfifcates present from the first,(which are not 
available) must Be allowed for v^analysing the gas-oxide. 
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The burning of gas-oxide is usually perforraed in shelf- 
furnaces similar to tho'se used for pyrites-smalls. They will 
be described in detail in Chapter IV. * 

The rational treatment of spent oxides for thd purpose of 
obtaining an*>monium salts, ferrocyanides, and sulphocyanides 
is described in Lunge’s Coal-Tar and Atninonia, 5th edition 
(1916), p. 1206. ’ 

According to the \\st Alkali Report, p. 105, the manufacture 
of sulphuric acid from spent oxide requires very close watching, 
on account of the variation in the nitrate-consuming compounds 
which it contain.s. Certain kinds of spent oxide cannot be burnt 
without seriously disorganising the chamber-process, unless the 
oxide is first washed. 

Messel* states that so far he had not been successful in 
working with the spent oxide of gasworks (referring to the 
catalytic proces.s). It has the advantage of relative freedom 
from arsenic, but the drawback of producing an acid which is 
not so bright and colourless as that made from pyrite.s. The 
colour is due to the organic matter in the raw material, and to 
the formation of nitric oxide from its nitrogenous constituents. 

Koppers (B. P. 21385, 1913) exposes the .spent oxide to 
the action of steam and gases at a temperature below that of 
the volatilisation of sulphur, in order to destroy the orgaqic 
substance. The ammonia contained in the escaping gases is 
absorbed ; the gases are superheated and conveyed back into 
the apparatus. * 

Other processes; Burkh^iser (Ger. P. 235870); Feld (de¬ 
scribed hy Z. angew. Client., 1 91 4. <•> P- 234) > Pritzsche 

(Ger. Ps. 250243, 251353): Soc. H. Gouthrifere (Ger. P. 
245570); Akt.-Ges. f. chem. Industrie and Wolf (Ger. P. 
248001). , 

Ciselet and Deguide (Ger. P. 288767) dissolve the ferric 
hydrate by sulphuric or hydrochloric acid, leaving tlie Srse 
sulphur and the ferrocyanidc^s behind and separatir^g these jn 
the well-known manner. • , 

• ^ 

• Analysis of Spent* Oxide. * ^ 

Sulphur. —This, according to Davis, was formerly "Cone by 
extracting by #neans of carbon disulphide* evaporating the 
1 J . Soc. Ckemhnd., 1912, p. 856.' 
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solution, and weighing the sulphur; but, as the presence of 
tarry matters causes an error, Davis now makes the analysis by 
burning the sulphur in a current of air in a combustion-tube of 
Bohemian glass, conducting the SO., formed into an absorbing- 
apparatus filled with iodine solution, and retitraiting the un¬ 
affected iodine by a solution of sodium thiosulphate.' 

Pfeiffer " estimates the S in spent gas-oxide by burning 
I gram in a bottle filled with oxygen, containing 25 to 50 cm. 
normal NaOH solution. If the sample should not take fire, it 
is taken out, glycerine is poured over it, a priming-match is put 
in, which is lighted and the sample put back into the bottle. 
When the combustion is completed, i c.c. of neutral hydrogen 
pcro.xide is put in, and the NaOH in excess titrated with 
acid and methyl-orange. 

M)diill ® points out that errors may arise in the estimation 
of the sulphur by extraction with carbon disulphide, if a little 
CSj remains with the sulphur, which may enter into the reaction 
CS.-fO^^CO^-l-sS. 

Davis and Foucar estimate the free sulphur by converting 
it into thiocyanate by means of an alcoholic solution of sodium 
cyanide, and titrating the thiocyanate with silver nitrate in the 
well-known manner.' 

‘ The Spent Oxide Association advise the following pro¬ 
cedure :— 


Sampi.ing 

Samples sent for quotation purposes arc often assumed to 
represent bulk delivericti. This is almo.st impossible to be the 
case, as the bulk of the oxide may subsequently dry further or 
become damper owing to exposure. It is also possible that 
portions of the heap of oxide which contain more or less 
siilphui^ may have become covered up and not included in the 
sample, hpwever carefully taken..'’ The spent oxide should, 
therefore, for invoicing pu-poses, be again sampled during 
loading and the greatest care taken to pbtain correct proportions 

■ Chem. News, 36, 190; c/. also Zulkowsky’s process, p. 106. 

2 /. Gasbeleunij^., 1905, p. 977. 

® J. Chem. Soc. Slisbr., it) 14, p. 234. 

* J. Soc. Chem. Ind., 1912, p. iCo. 
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of lumps and fines, as these may contain different* percentages 
of sulphur. * 

When deliveries are being made, daily samples are to be 
taken from every cart or wagon and collected in ,tn air-tight 
receptacle. Jt cannot be too strongly emphasised that samples 
must not be allowed to lie about exposed to the risk of drying, 
but must be mixed, ground, and bottled each day.’ When the 
delivery of the parcel is completed all the daily samples are to 
be at once mi.xed and broken down, and for this purpose coning 
and quartering is the best method. The well-mixed oxide is 
poured several times on to a given centre ; this ensures an even 
distribution of both lumps and fines in the form of a cone. 
The cone is then flattened and quartered. Two opposite 
quarters arc discarded and the remainder iigain mixed, coned, 
and quartered until the quantity is reduced to a convenient 
amount. This is now crushed until it will all pass through a 
J-in. mc.sh sieve, and at otice bottled. 

The above operation must be carried out as quickly as 
possible to avoid alteration in the moisture content, of the 
sample. 

Samples should be of at least | lb., and must be packed in 
air-tight bottles or tins ; no other receptacle may be used. In 
taking the necessary'samples, one must always be sealed aqd 
retained for reference. ^ 

Before carrying out the analysis, the whole of the sample is 
further intimately mixed and broken (?own and reduced to 
about IOO grams, which is ground so that the whole quantity 
passes through a 20 -mcsh sieve. 

Analysis 

Moisture .—Five grams are dried for three hours at ioo° 
in a water oven. The loss of weight fouiid on cooling and cor 
weighing represents the moist^ure. , „ , 

Sulphur and Tar .—The dried, rgsidue from the moisture 
determination is to be extracted for two hours in a Soxhlet’s 
apparatus with freshly distilled carboif bisulphide. The carbon , 
bisulphide is then distilled off, the flask cautjpusly blS^n out 
with air and drjed for two hours at ioo° 4il the water oven. 
The flask is then placed on alhot sand-bath until the sulphur 
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has just fused, care being taken that no loss by overheating and 
volatilisation takes place. After the flalik has cooled completely 
it is again carefulfy blown out with dry air and again weighed., 

Estima(\\m of the Sulphur. —15 c.c. of concentrated (95 per 
cent.) sulphuric acid are poured on to the sulphua- and tar in 
the flask, and the whole is heated for two hours at 100° in a 
water oven.' After cooling) the contents of the flask are diluted 
with water, filtered, washed free from acid, and dried. The 
dried filter paper with contents is placed in a Soxhlet’s tube 
and again extracted with carbon bisulphide. The bisulphide is 
distilled off, and the residue fused exactly as described above. 

(In order to expedite the extraction by CS^, the following 
alternative method gives reliable results :—Place the 5 grams of 
dried spent oxide iiva beaker with 25 c.c. of strong sulphuric 
acid and heat for four hours at 100". Carefully dilute with 
distilled water, filter and wash free from acid, dry and extract 
with CS., in the usual way. Only one extraction with the 
solvent is necessary.—W. VV.) 

b. Sulphuretted Hydrogen. 

The sulphur contained in Leblanc alkali-waste, in the form 
of calcium sulphide, has been frequently proposed for the 
rr^anufacture of sulphuric acid, nearly always after having first 
converted it into sttlphuretted hydrogen. The only successful 
process in this line (the Chance process of treating alkali- 
waste) belongs to th’e domain of alkali-manufacture, and 
cannot be treated in this volume; it is described in Lunge’s 
third edition, vol. ii., pp. 945 et seq. Only the con¬ 

trivances for burning tfce hydrogen sulphide will be described 
in Chapter IV. 

The sulphuretted hydrogen given^ off in the manufacture of 
sulphate of ammonia ’ is sometimes used for the manufacture 
of< sulphuric acid. Here the HjS is not merely diluted with a 
l^rge ^quantity of inert gase.s, but‘is also of very unequal con¬ 
centration. „ 

The utilisation of such H^S /or the manufacture of 
. sulphuric acid has, hotvever, bee'rf greatly irnproved, and 
is novJ' no longer a rare exception, but is practised in a 
good many English works. If the gas is properly introduced 
* Cf. Lunge’s Coal-Tar and A^/.monia, 5th edition, p. 1499. 
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into the burner,' the consumption of nitre is nbt excessive, 
and it is even possible* to increase the heat by this means, ' 
if the spent oxides should not suffice for this purpose. The 
effect of the large quantity of carbon dioxide accompanying 
the II2S in t^ie case of sulphate-of-ammonia works would seem 
to consist only in requiring a certain apiount of chamber- 
space, contrary to the opinion repoKed in Chapter IX. 

Pintsch, Strache, and Hiller (Gcr. P. 283601) cause the 
oxidation of hydrogen sulphide into sulphuric acid without 
any separation of free sulphur, by passing the gases containing 
HjS into a hot solution of ferric sulphate, containing an excess 
of sulphuric acid, in which the regeneration of the ferric 
sulphate from the ferrous sulphate formed is brought about 
by air or oxygen, either at the same time or turn by turn. 
The sulphur separated in the first instance dissolves in the hot 
sulphuric acid, which is thereby partially reduced to sulphurous 
acid ; the latter again reduces the ferric ion, being oxidised into 
sulphuric acid. The sulphuric acid made in this way contains 
iron ; it can be used for most purposes, including the ab.sorption 
of ammonia, in which case, on reaching the point of neutralisa¬ 
tion, the ferrous sulphide, which is now stable, is separated 
from the solution of ammonium sulphate, and is regenerated 
into sulphate by being again introduced into the oxidising 
solution. , 

c. Copper-pyrites, etc. 

Copper-pyrites and mixtures of this with blende, galena, etc., 
are roasted in several places in kilns so as to utilise the SO^ in 
acid-chambers—at Che.ssy near Lyons, «t Oker in the Harz, at 
Mansfield, and at Swansea. At Freiberg the Muldcn and Hals- 
briicke works proceed in the same way ; but they only utilise 
ores and products pretty rich in sulphur for vitriol-making. 

The following particulars respecting the^ materials burned lat 
the Government works at 01 <tr in 1901 were communicated te 
Lunge from an official source. Thf pres arc :— 

** Chapter 1^. 


[Taule^ 
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X 

T,um|W, 

— 

Ot^er forms. 

Total. 

.T. 

Tons. 

Tolls. 

Toils. 

Coj^pci^xires, No. I 

1,205 

4,^95 

895 

88 

2,100 

4^183 

3 

1,417 

73 

^,490 

Mi\C(l ores . 

7,916 

3,770 

i 1,686 

I’yrilic lead-ore •. 

<So5 

64 

869 

Cojipcr-'inaUo 

• 6,2SS 

... 

6,288 

Lcad-inattc . 

3,377 

1,620 

3,377 

“ .Spurbtein ” (regillub) . 


1,620 

Total 

25, m3 

6,510 

31,613 


Composition of these materials 



1 . 

Uojiper-orc. 


Ml xml 
OH'. 

Cu . 

1770 ; 

970 

4-75 

4-60 

l‘'e . 

23-00 1 

30-40 

33-50 

12-40 

Zn . 

9-50 

5-80 

4-90 

21-50 

PI) . 

3-70 

2-40 

I 75 

10-05 

S . 

32-00 

3600 

1 _ 

40-50 

24-00 

_ 


I’\ritic 

loiui* 

CoppPl- 

llLlttP. 

Lt'ail- 

jimtlp. 

ilegultiR 

01 p. 




1-05 

30-47 

I<S-20 

64-38 

24-50 

24-40 

21-70 

8-93 

15-50 

875 

1500 

1-34 

6-75 

5-80 

7-10 

2-95 

34-00 

18-70 

17 00 

20-70 


Apart from pure pyrites, the “ ordinary ores ’ are best 
adapted for vitriol-making, because they contain their sulphur 
mostly as FeS,/, the “mixed ores” are less favourable, on 
account of their galena, and the rich copper-ores on account of 
their large percentage of copper. Of the lead-ores only those 
amply permeated by pyrites are fit for vitriol-making. The 
sulphur in the ores worked at Oker varies from 20 to 40 per 
cent.; on an average it“is 30 per cent.; but it must be noticed 
that the sulphur of the galena is altogether unavailable for 
vitriol-making. The case is not much better when copper- 
pyrites with a high percentage of copper predominates, because 
this furnishes too poor a gas, and, moreover, decrepitates and 
falls to powder in roasting. If “tio more than 35 per cent, of 
copper-pyrites is mixed wTh iron-pyrites, it does no harm. 
Blende behaves in a similar way, but rather more favourably; 
ores containing 35 per cent. blencJe along with‘2S per cent, 
pyrites yield gas. quite adapted for vitriol-making. 

In the Eng. and Mm /., IQ04, Ixxviii., p. 216, there is a 
report on the utilisation of the sfophur contained in the Broken 
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Hill ore, as treated by the Carmichael-Bradford process. The 
raw material is mixed*with 15 to 25 per-cent, gypsum, the * 
mixture is broken up to the size of marbles and roasted in 
converters in such manner that the temperature <n the lower 
part reaches*40o” to 500°. When air is passed through it, SO^ 
is given off, partly also from the gypsum, and the gases are 
passed into lead chambers, where about 350 kg. of sulphuric 
acid is recovered from i ton of ore, containing 14 per cent, 
sulphur. The plant at that time yielded 35 tons chamber acid 
per week, and it was to be enlarged. 

“ Coarse metal" of copper-smelting is roasted for the manu¬ 
facture of sulphuric acid at Mansfield. A product containing 
34 per cent. Cu, 28 per cent. Fe, and 28 percent. S, according 
to Bode, yields gas with 5J per cent, by volume of SO^, and at 
a sufficiently high temperature to work with the Glover tower. 

In most cases, up to the present, coarse metal cannot be roasted 
so as to utilise the SO^. 

Galena is of little use as a raw material for sulphuric acid 
manufacture. The purest galena contains only 13-4 percent, of 
sulphur; it is transformed into lead sulphate on roasting, and 
only at the strongest white heat gives off a portion of its sulphur 
as SOj,; moreover, the metallurgical processes to which it is 
suoj.’cted are of such a nature that only poor gas can be pro¬ 
duced from it. , 

Lead-matte is used for the manufacture of sulphuric acid— 
for instance, at Freiberg and in the Lower Harz ; it is there 
roasted in large kilns of I2j tons capacity. The matte loses 
half its sulphur, and yields gas with 4 to 6 per cent, of SO^; the 
temperature, according to Bode, is high^enough for the Glover 
tower. In the Upper Harz the utilisation of its sulphur in 
metallurgy has in general ijpt been found practicable. 

• 

• • • 

5 Other Metallic Suj.piiides--N<!>xious Vapours 

Pyrites proper has hardly any ©t^er application than that 
for sulphuric-acid making, and it is obtained almost exclusively 
for this purpose. In tTie case of ’cupriferous pyrites, the • 
sulphur constitutes only a portion, but a very ^onsidera'dle one, 
of its value. Tlje working of poor espper-ords would not pay,^ 
apart from the noxious effect 4 { the gas produced in calcining 
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the ore, unless the price of the ore were very moderate ; and 
this is only possible by the acid-makers paying on their part 
for the ore, which they can well afford, as most kinds of 
cuprous pyrites behave very well in the burners, and yield 
quite as much acid in proportion to their percentage of copper 
as the non-cuprous ores. The case of zinc-blende is now 
similar to that of cuprous pyrites. 

The case is different with most other sulphuretted ores 
occurring in smelting operations, .such as galena, the many 
mixed arcs containing blende and galena, besides iron- and 
copper-pyrites ; the richer copper-pyrites themselves, and, lastly, 
the intermediate products, “coarse metaip “matte',' etc. These, 
for their metallurgical utilisation, equally require a calcination 
evolving sulphur dioxide ; but the matter is very different here 
from what it is with a good pyrites, whether it be pure 
iron-pyrites or containing a few per cent, of copper. On the 
whole, all those ores and metallurgical products are much 
poorer in sulphur than ordinary good pyrites; and for this 
reason‘they are less easily calcined in such a manner as to 
allow of utilising the gas, becau.se the evolution of heat by the 
combustion of their own sulphur is not sufficient to maintain 
the process energetically. An external stimulus was required 
before smelting-works would seriously attempt to utilise the 
sulphur dioxide contained Jn the gas from calcining the ores ; 
and this proved to be the damage and nuisance caused by the 
noxious vapours all round the works. The claims for damages, 
the law-suits, and the measures taken by the authorities at 
last made it impossible in many places for the works to go 
on in the old way ; anti although it appeared at first as if the 
.sulphurous acid could not be condensed at all in this case, or 
only at a loss, practice has now succeeded in fulfilling the task- 
in most (but not in all) cases, principally by the construction 
•of improved burner?, which will be described in Chapter IV. 
•It wjauld. undoubtedly be too njuch to say that the task has 
been solved in all its patfst the success has mostly been only 
part^il. In many cases where an ote* could not possibly have 
been calcined so as to*utili.se the* gas, mixing others with it 
has Ken reso«ted to. Thus the Halsbrucke works, near 
Freiberg, roast g'alena and blende mixed wit^ pyrites; and in 
1870 they ma^e 8000 tons ofllulphuric acid from the gas. 



NOXIOUS VAPOURS 


147 


In reference to the sulphur dioxide escaping as noxious 
vapour, Leplay * mentions that in South Wajes annually 46,000* 
tons of sulphur escaped into the air as sulphur dioxide, together 
with arsenic, fluorine, lead, and zinc compounds, in spite of the 
condensing-shambers. In fact, the country round Swansea 
was stripped of all vegetation. At P'reiberg the works in 1864 
paid upwards of £>2’j^jO damages 01! account of their vapours ; in 
1870, after better condensation had been effected, only .^239. 
It should not be forgotten that sulphur dioxide occurs in very 
large quantity, although in a much more dilute state, in all coal- 
smoke, and consequently in the atmosphere and the rain-water 
of all large towns, and that the most perfect “smoke-com¬ 
bustion ” cannot do away with this. Much more injurious 
than the vapours escaping through high chimneys, which are 
soon diluted with air, is the smoke from brick-works, coke- 
ovens, and other fires which emit their smoke at a low height 
above the ground. Fletcher calculated that at St Helens the 
acids escaping amounted : 

I'rom fire-g'.'ises . . .to 800 tons per weef-. 

,, copper-works . . . 380 ,, 

,, glash-works . . , ,, 180 ,, ,, 

,, alkali-works . . . ») 25 ,, ,, 

• 

.Similar calculations have been made by HascnclevtA,^ 
who has given strong proof of the eVtmage done by coal-smoke 
alone. ^ 

In Chapter IV. we shall deal with the various attempts at 
utilising, or at least rendering innocuous, the acid gases given 
out in calcining ores. 

According to the Bull. US. Geol.^iirv. for 19 ii, in the 
year 1911, 400,000 tons of various sulphide ores were roasted 
at Ducktown, Tenn., in seven large blast-furnaces, and thereby 
daily 160 tons, exceptionally 200 tons, sulphuric acid pf 60“ 
B6. was obtained. • *, " * 

The Amer. P. of J. Par^e Channing, 962498 • (Gor. I*! 
253492), protects a special trcatmeflt»in the “ pyritic smelting” 
of sulphide ores, by v^Wch gases for working up in Jead- 
chambers are obtained, ^e adds in the smelting 1 p.ej^ cent, 
carbon for every 4 per cent, of “ available ” sujphur, and works 

1 •Cyi Percy, Metallugy, 1^62, 1, 337.* 

2 C/iem. Ind., 187^, p. 225. 
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with so much air, that there is 4 or 5 per cent, oxygen 
present in the ga^es over and above that which is required 
for the formation of .sulphur trioxide. 

An opinion has been given in a case arising in the Salt 
Lake Valley, Utah, upon the effect of noxious furies, and the 
following is abstracted from the articles in the Cheni. and Met. 

1920,'pp. 917 and 1*145 ft scq .\— 

The opinion regarding the real nature of the smoke damage 
is of considerable interest. Accepting the fact of plant injury 
by sulphur dioxide, the decision was that it was immaterial 
whether sulphur dioxide was oxidised to SO5 in the ground, 
in the air, or in the plant tissue itself. The main fact wa.s, 
that under such conditions, it actually caused harm to plant 
life, if in sufficient concentration. 

Analyses showing the sulphur content of the ground, the 
plants growing on the ground, and momentary quantities in 
the air were too meagre for much weight to be attached 
thereto, and sulphur contents in plants might not affect their 
vitality or their proper use. 

It was agreed that one part of sulphur dioxide to one million 
parts of air, under certain favourable conditions, would mark, 
dry up, or bleach foliage of certain non-resistant crops ; the 
skin or bark of growing plants being much more resistant, 
while young fruit, blossom,s, and grain while it is heading out, 
were less resistant tljian the bark, but more resistant than 
foliage. The effect seemed to be that sulphur dioxide passes 
from the air to the leaf structure through the stomata, 
destroying cell life and drying up the structure in a way which 
is visibly evident. ' 

The appearance of SO, injury in the foliage of plants and 
its extent depended upon certain cpnditions; 

i.^The sensitiveness of the plant to SO^ injury. 

' 2. Thc’concentr.ation of SO^ in the atmosphere. 

•' > The length of time during,which the plant was subjected 

to SOy r ' 

4, The humidity of the atmosphere. 

5. The presence or ab.sence oJ' those conditions which 

affected or contvolled the opening or closing of the stomata, as 
light, darkness, heht and told. , 

"As a rule, SO^ appeared to iittack the leaves at their points 
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and edges, extending into the leaf in proportion to the severity 
of the injury. The eftect of SO^ injury—Jhat is to say, the • 
markings of the foliage—was observable practically at once. 
The appearance of the markings of the leaf tendoid to change 
somewhat w^th the lapse of time. The di.scoloration of the 
leaves or the appearance of the marking.? on them resulting 
from SOj injury was not the same* in all plants, and was not 
distinguishable from discoloration and markings resulting from 
many other causes, whether examined by the eye alone or 
under a microscope, and so far as the evidence disclosed there 
were no structural or chemical characteristics of SOj injury 
which distinguished it from injury by many other cause.?. 
Injury caused by frost, sunburn, sun-scald, and alkali were 
among the causes producing leaf injury in every characteristic 
similar to that caused by SO„—that is, relatively sudden 
deterioration, disintegration, and breaking down of the internal 
cell tissues of the leaf. 

Leaf injury occasioned by insects directly attacking the leaf 
of the plant was ordinarily readily distinguishable from SO^ 
injury. 

P'ungous diseases of plants, in many cases, cause leaf 
deterioration identical with SO^ injury. These bacterial 
diseases have each their several characteristics other than leaf 
deterioration common to them all a/id to SOj injury, and the 
presence of the characteristics of di.seas^will ordinarily cla.ssify 
the leaf injury as injury resulting from disease and not from 
the presence of SO^. 

For instance, frost effect was observed over a relatively 
large area of country; sun-scald wa% accompanied by hot 
sunshine preceded by irrigation or rain ; sunburn by lack of 
moisture. Alkali injury showed on crops in soils containing 
alkali. Similarly, SO^ had its accompanying factors—namely, 
injury from SO^ always occurred in the path df^ the wind 
blowing over and from sn^lting plant, or the stacks-, from 
which sulphur dioxide was discharg«Bd. 

In conclusion, there "Was little doubt that SO^ injury,,when 
occurring at a critical period in plant development, resulted in • 
economic loss, that is, substantial diminutios of crop yield. 
The tendency of growing crops was»to thrdw off or overcome,,- 
the injury inflicted by SOj,|lor injury caused by any other 
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agent, and (tie observations upon the matter were that 
markings caused SO^ would cease t 5 be noticeable, during 
the season of rapid growth and development, within a short 
time, the leligth of time in any case depending upon the 
species of the plant affected, the time of year, atyJ, generally, 
upon every factor th^it promoted or retarded plant growth and 
development* 

Further papers on noxious vapours, with details as to their 
action, are those by Sorauer and Ramann {Bicd. Zentr., \ 900, 29, 
678), Wislicenus (Z. angew. Client., igoi, p. 689), Ost {ibid., 
1907, p. 1689), Wieler {Fischer's Jahrcsber., 1905, p. 394, and 
Chcm. Zeit., 1908, p. 868), Sorauer {ibid., p. 395), Baskerville 
{Cheni. Zeit, 1908, p. 54a). 

A book, covering the whole of this subject, was pub¬ 
lished in 1903 by Hasclhoff and Lindau, under the title 
Die Beschadigung der Vegeialion durch Rauch, another by 
Professor A. Wieler, Eimvirhung von scJnveJliger Sanre anf 
Pflanzen, in 1905 (Berlin, Borntrager). See also Lunge, 
fourth edition, p. 269 et seq. 

A paper on atmospheric pollution and its measurement 
was given before the Chemistry Section of the British Associa¬ 
tion on 27th August 1920, by Mr S. Owens, who dealt with 
tlie work of the Advisory Committee to the Meteorological Office 
on Atmospheric Pollution.' ^ This investigation, it was explained, 
has been carried on for five or six years, records being taken 
at some twenty-five or thirty stations in different parts of the 
country. 

The important matter from the chemical point of view has 
been the work of measming the atmospheric acidity. This had 
to be dealt with in two ways : first, the gaseous acidity, and 
secondly, the acidity which might ^be held in the suspended 
solid impuritie.s. The first difficulty met with was that the 
quantises to be measured were so excessively minute, and it 
becarpe necessary to devise soijle method of measurement. 
The Committee had not, altogether succeeded in doing that, 
and it was in the hope that the membo-s of the Section might 
.be able to assist, that the paper wis read. Indigo-carmine 
and mTfhyl-orange have been used as the indicators. It was 
^suggested, at one'Kme, that Congo-red should, be used instead 
1 Chem. Trade /.|l 1920, p. 347. 
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of methyl-orange as being more sensitive, but it wSs found that 
Congo-red was sensitive to CO.^, and as there was always CO^ 
in the air its use had to be abandoned. At the same time, in 
dealing with gaseous acidity in the atmosphere witfi the instru¬ 
ments which* have so far been devised, a considerable degree 
of accuracy has been attained, such as one part by volume in 
20 millions, for instance. Even bitter results were suggested 
as possible with the same apparatus. 

Still greater difficulties, however, have been encountered in 
the efforts to measure the acidity of the suspended impurities. 
An instrument was devised for getting out the suspended 
impurities and measuring the acidity, but difficulties arose and 
it had to be abandoned. Other methods were adopted, includ¬ 
ing an electrical conductivity method, without much greater 
success ; and the present position was, said Mr Owens, that 
whilst he believed they had got a satisfactory instrument for 
measuring the gaseous acidity of the atmosijhere with a 
considerable degree of accuracy, they had not got a satisfactory 
method for measuring the acidity of the suspended solid 
impurities. One of the difficulties encountered with the 
electrical conductivity method was the provision of a suitable 
filtering medium, r^hich would be free from electrolytes, 
and therefore would have no influence on the conductivity. 
All the materials tried, however, .were found to affect the 
conductivity to a greater or less degree, the most favourable 
being lactose. 


Abatement of the Nuisance. 

The abatement of the nuisance caused by the acid-smoke 
given off in metallurgical jnd other operations presents special 
difficulties where the percentage of acids is so slight that their 
utilisation by condensation or by conversiqn into sulphuric acid 
is out of the question ; that'js, if less than 4 per cent. S.O^ by 
volume is present. » , 

The problem of dealing with the enormous quandty of 
sulphur dioxide container? in ordinary coal-smoke has nardly. 
ever been attacked in a serious manner, as .the expeifse and 
inconvenience qf any imaginable measures’ for this purpos^ 
have hitherto appeared to be jfiuite unbearableand it does not 
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seem as if th*is would be different in the near future. The only 
practicable remedy in this case, as well as in some cases of 
metallurgical smoke, is to dilute the ga.ses with a large quantity 
of air, by erecting very tall chimneys for carrying them up to 
a considerable height above the surface of the ^arth. Such 
chimneys have been made up to 450 ft. in height. Freytag 
certainly estimates (somewhat arbitrarily) that smoke is harm¬ 
less only when it does not contain beyond 0-003 cent. 
SO,^ by volume ; but since, for instance, in lead-works the 
percentage of SO^ in the main flues, where all the smoke and 
fire-gases arc mixed, rarely exceeds o-1 per cent., it is very 
likely that, if these gases arc allowed to escape only 200 ft. or 
more above any vegetation, they get sufficiently diluted with 
air in their de.scent to become harmless. This is owing to 
the fact that sulphur dio.xide diffuses pretty equally in the air, 
whilst hydrochloric acid, sulphuric anhydride, acid salts, etc., 
which form visible fumes, generally reach the ground in a very 
little-divided stream, and cannot therefore be made innocuous 
by very tall chimney-shafts. In fact, this is the only explana¬ 
tion why the scores of tons of sulphur dioxide daily belched forth 
in certain localities by lead-works, zinc-works, glass-works, etc., 
have not ere now destroyed all vegetable life around the 
works, as is notoriously the case in a few isolated instances. 
But as such instances do qccur, and as altogether the require¬ 
ments of sanitary autljorities are constantly becoming stricter, 
the removal of the acid-smoke to a high level by means of, 
chimneys cannot be pronounced a final solution of the difficulty, 
even where SO^ is the only acid concerned, all the more as in 
moist weather the acids'fiscaping from the very tallest chimneys 
are brought to the ground in a somewhat concentrated state. 

H. Wislicenus' asserts that sensitive plants, like pine-trees, 
are damaged if there is as little as i part SOj (or total acids 
calculated as SO2) in ,500,000 parts of air, and if they are exposed 
to such air during a whole period,'of vegetation. That limit is 
far exceeded by the air pfi industrial regions in spite of all 
remedies hitherto tried, and even th6 giant chimneys built 
■ in some places have not had any success, whilst he claims 
this fo*r his “ dissipators ” (see below). The injury done by 
^acid gases extends’ principally to the chemical processes of 
* Die Abgas^xge, 1912. 
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assimilation; chlorophyll is destroyed even by rflinimal quan¬ 
tities of SO2, and the ptotoplasma is also acted upon. 

In the special catalogue of the group, “*[njury by Smoke,” 
of the International Hygienic Exhibition at Dresden in 1911, 
Wislicenus ^numerates the literature on this subject, which 
is enormous, and whereof his own publications form an im¬ 
portant share. He also discusses‘the causes of’the damage 
done by the smoke, and the measures or proposals for its 
prevention. In his pamphlet on the foundations for technical 
and legal measures for the prevention of damage by smoke 
(Berlin, 1908), he had already come to the conclusion that 
the removal of SO.2, strongly diluted with combustion-gases 
by washing with water alone, has no prospect of success. The 
combination of this washing and sprinkling with lime in towers 
or chambers is more promising. He enters fully into this 
matter, but he considers it too expensive. He treats especially 
of the prevention of damage through smoke-gases by diluting 
them with air or other indifferent gases. 

Wislicenus claims to have attained full success. by his 
invention of the “ dissipator,” an apparatus for diluting the 
smoke-gases on new principles. He states that the natural 
principle for dealing with the smoke-gases is their dilution 
with air. But, wherever this has been tried on the lajjge 
scale, it has been found that blowing air into the chimneys 
is not suitable, since even the best apparatus for this purpose 
work too expensively. Apparatus for blowing or aspirating air 
work uneconomically even, if they have only to provide the 
air indispensable for combustion. The modern installations 
for “ artificial draught ” introduce aii* only to the extent of 
one-half, or at most three-quarters, of the volume of the smoke- 
gases, and therefore dilute these only by 50 up to 75 per 
cent., which is not sufficient. When the gases get into the 
free air, undoubtedly at first a further manifold dilutioVi takfs 
place, as long as the gases’^are still in a whirling copditiop, 
i.e. as long as their temperature aqd movement are different 
from the air. But if* Jthe air-current moves on evenly, the 
air and the smoke-gases* will soorf come to equal velocity, 
temperature, and direction. Where there ^ no interruption 
by differences ^of level, houses, trees, et«.,* the smoke-gases^ 
will travel on without beiyg sufficiently diluted, and,-after 
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a long way through the air, will still descend as poisonous 
fumes upon the soil and the vegetation.' 

This uniform ifiotion, without whirling, must be especially 
avoided. We know from experience, e.g. from the observa¬ 
tions of aeronauts, that all valleys cause strong \yhirls in the 
air-currents above them. Higher up, the air-current gener¬ 
ally proceeds evenly. It is^ therefore, a mistake to introduce 
the smoke-gases into these high, non-whirling air-currents. 
Chimneys, which from hygienic considerations are built much 
higher than required by their function of producing draught, 
are therefore inoperative ; they protect at most their immediate 
.surroundings. The remedy is, therefore, to produce at the 
source of the smoke itself, a sufficient dilution and formation 
of a whirling movement. That is the principle of the “dis- 
sipators,” which arc constructed as follows :— 

The walls of the upper part of the chimney-shaft contain 
conical air-channels, the number of which increases from below 
upwards. This prevents the gases from flowing out in a compact 
stream from the furnace, but provides for gradually supplying 
them during their progress with as much air as possible, in such 
a way that the particles of smoke-gas and air acquire a great 
variety of directions and speed.s. At first some practical men 
caUed it nonsen,se to build a chimney with holes. To this 
Wislicenus remarks that, as a matter of course, there must be a 
sufficiently high draught-producing shaft, if the chimney has to 
provide the draught. * 15 ut there are some cases where there 
is no aspirating work required from the chimney, but where 
this is performed by artificial means, such as fan blasts, 
exhausters, etc. Only The “ hygienic ” part of the chimney, 
which has frequently caused it to be made much higher, is 
to be replaced by a lower, but more^efficient dissipator, which 
causes the formation of whirls and the admixture of air during 
tl^e outjlow pf the gases. Through the variously directed 
channels in' the wall, the diluting air is introduced at the 
windward side with various velocities and in various directions. 
On the other, the “lee” side, the wind.will act in an aspirating 
}vay. *In cases where tlfbre are n&lf tall chimneys, but gas 
outlets,•fi'om dehj'drating plants, flue-dust chambers, etc., the 
outgoing gases art»still rriore diluted with air by a “multi- 
* 3 issipator.” Thte gases are gradually divided and diluted. 
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Since from the lowest series of wind-channels «nly a small 
fraction of the gases escapes, with which from the opposite 
side more wind is mixed, the main body' of the gas must 
rise higher, and gradually mix with more air. Consequently 
there is both^a mechanical and a temporary dissolving action. 
Into iron chimneys, the wind-channels may be introduced 
tangentially. * 

At first the chimneys were built in such a manner that the 
holes were produced by leaving interstices between the bricks. 
This has certain drawbacks, especially an excessive contact of 
the joints with acid gases. Therefore, later on, perforated 
stones have been employed, in which the air-channel goes 
through the body of the stone, and the joints are as little as 
possible in contact with the smoke-gases. But the mortal- 
joints may also be protected again.st the acids in the gases by 
a coating of tar, or of tar and clay, or of gypsum. The perfor¬ 
ated stones have the further advantage that the fine sieve formed 
by the numerous small holes produces a greater division of the 
gas-current. 

The stones might also be provided with air-channels in a 
somewhat tangential direction, in order to produce a still better 
spiral whirl motion. But such stones are not easily manufac¬ 
tured and are very expensive. , 

The inventor has recently, in connection with the Mctall- 
bank und Metallurgische Geselkschaft at Frankfurt a.M., applied 
a very fine sieve-grating, made of perforated stones. 

After the lecture given by Wislicenus in 1911, a practical 
chimney-builder made the objection that the numerous holes in 
the upper part of the chimney-shaft are strongly exposed to 
frost, rain, etc., so that the material must greatly suffer, and 
frequent repairs will be required, about which point further 
experience must be collected. 

According to Rcuss,* it is true that, in the case of* faintly 
acid gases and small quantities of smoke, the ga.ses goin^g out 
from high chimneys may be 3 ilute 4 up to being quite innocuous, 
but, under certain circumstances, high chimneys may have an 
injurious action, by carrying the gaseS to much greater distances, 
and affecting a much greater extent of forest.^ ' • 

Reports on the damage done by foal-smoke in the Rhenish-^ 

1 Rauch und Sh^b, 1914, p. 162. ‘ 
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Westphalian‘industrial district have been made by Eicke' and 
Rippert.^ 

Wislicenus distusses the damage caused by smoke-gases 
and his process for preventing it in a pamphlet, Vber die 
Abgasfmge, etc., in 1912, and several papers published in 1910 
and 1911. His apparatus, called “ dissipator,” is protected 
by B. P. 166090! 1908 ; Amer. P. 988920 ; Ger. Ps. 228922 
and 229070; Swiss P. 44774; Fr. P. 397953; Belg. P. 
212930; Norw. P. 19003 ; Austr. P. 45391. 

6. Supplying Niprogen OxinE.s to the Sulphuric 
Acid Proces.s 

An important item in the manufacture of sulphuric acid is 
the supply of nitrogen oxides to the chamber process. 

There are many methods in use, the most important being 
the following:— 

(a) Decomposition of nitrate of soda with sulphuric acid 
in pots placed in the path of the burner gases. 

{b) Feeding the Glover tower with nitric acid or liquid 
nitrate of soda. 

(c) Spraying nitrate of soda solution or nitric acid into the 
first chamber. ' 

* {d) Oxidation of ammonia and conveying the nitre com¬ 
pounds into the Glover fluel or to the first chamber. 

Opinions differ as tl) which of the methods is the best. 

In the first, it is necessary to employ much more sulphuric 
acid for the decomposition of the nitrate than in the regular 
manufacture of nitric acyl, but there is a saving of fuel, the heat 
of the burners being usually sufficient for the purpose. 

In the case of there being a supply of waste or weak nitric 
acid available, the second method is \he cheaper. 

As to the oxidation of ammonia, it is chiefly a question of 
the relative*costs of Ammonia and flitrate of soda. 

Tlfe advantages of introducing*nitric acid in the liquid form 
are the following;—avoidfng the entrance of false air into the 
chamlsers and the escapa of burnef-gas into the atmosphere, 
"both oi which occur in many (not all) systems of employment 

1 Remch und Staub, 1913, p. 162. , 

^'Gliickauf 1912, pa 1992 and 2026. 
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of gaseous acid ; the possibility of employing as mdch nitric acid 
and as quickly as desired, whilst in the second case this depends 
on the heat of the burner-gas, which during frregularities in the 
working of the process, just when most nitric acijfi is needed, 
sometimes proves insufficient; lastly, and most of all, the exact 
regulation possible with liquid nitric acid, and its continuous 
supply, whilst gaseous acid is always given off very unequally 
from the nitre-mixture. The.se advantages have induced most 
Continental and, later on, many English and American manu¬ 
facturers to employ liquid nitric acid. 

It is claimed as an advantage for introducing the nitre by 
“ potting,” that the chambers are not exposed to the damage 
possible in the case of incautious handling of nitric acid, whilst, 
on the other hand, the irregular evolution of gas from the 
nitre-mixture is equalised by employing several decomposing 
apparatus, and charging them in turns, say once every hour, 
just after a fresh burner has been charged ; thus the stronger 
evolution of nitre-gas runs parallel with that of sulphur dioxide. 
Some prefer a contrivance for supplying gradually, and, not all 
at once, the sulphuric acid serving for decomposing the nitre. 
It was formerly contended that the best English works, all of 
which employed at that time solid nitre, worked with as small 
a consumption of it and as good a yield of vitriol as the best, of 
the Continental works employing liquid nitric acid ; also on the 
Continent some manufacturers work qjjite as well with solid 
nitre as their neighbours with nitric acid; but it is extremely 
difficult to check such statepients, as few manufacturers divulge 
their real working results to outsiders, and, moreover, very 
many of them do not even know thes« results them.selves with 
that degree of accuracy which is required to decide this 
question. ^ 

There is no doubt whatever that the chamber-process can be 
worked more regularly by the continuous, supply of nitric ac^d 
in the liquid form. . 

• . 

((z) Introduction ofiJii ric Acid ijj Vapour (“ Potting^’). 

The old style of apparatus for this purpose is by* means 
of small pots placed in a special, nitre-own constructed by 
enlarging a suitable place in ihe gas-flue. If is situated either 
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above or, piA'fcrably, just behind tlie burners, and provided 
with the necessary working-doors and a cast-iron saucer for 
collecting what boils over. The nitre-pots themselves have 

various shapes—for in¬ 
stance, thaj shown in 
Fig. 5 ; at rt i7 ledges are 
cast on the bottom, which 
facilitate pushing the 
pots backwards and for¬ 
wards. They hold from 
8 to 12 lb. of nitre. 

Fic. 5. ,,,, • ji . t 

Ine potting with 

these pots, which arc still met with in some English works, is 
very troublesome and imperfect. 

A much more perfect plan is that of decomposing the nitre 
in a fixed apparatus, and running off the acid sodium sulphate 
(nitre-cake) in a liquid form. This apparatus consists of a 
semicylinder of cast 
iron, rt:_(Figs, 6 and 
7 ), with a cast-on 
tube, b, bored some¬ 
what conically. The 
latter projects out of 
the nitre-oven, and 
during the working is 
closed by an iron plug 
with a long handle. 

Outsidethere is a cast- 
iron tray for holding 
the nitre-cake, which 
at once solidifies. 

The internal saucer, c, 
c?tche.s* any, material 
boiling over. The 
nitre is introduced by 
the hopper d, also 
provided with a plug ; 
and after putting it in, it is made gas-tight by filling up 
j,vith the next charge of rv'tre. For running in the sulphuric 
acid, .it is best to provide a small t^nk with a siphon or stopcock. 
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This tank is preferably kept supplied with hot’'Glovcr acid 
taken direct from the tower bottom by a self-acting siphon. 
An apparatus holding 56 lb. of nitre can bc'easily decomposed 
in two hours. In any case, there should be two or more of 
these apparatus, so as to make the current of nitre-gas more 
regular by charging them in turns. 

Even preferable to the arrangement here sho\/n is that of 
placing the nitre-trough 
in such a way that the 
burner-gas can play round 
the bottom as well. The 
tray for the boiling-over 
material, which forms the 
bottom of the nitre-oven, 
must then be placed some¬ 
what lower. 

A contrivance which 
has been in operation for 
many years past, is that 
of putting the nitre-oven 
between the burners and 
the Glover tower in such 
a way that, by means of 
dampers, the burner-gas 
can be made to travel 
either through the oven 
or directly into the , 
chambers. 

An intermediate pro¬ 
cess between the “ pot¬ 
ting” system and the^ 
application of liquid nitric acid is the generation of nitric 
acid in the ordinary retorts, fired with coals, but >vith(Ait cop- 
densing the vapours to li(|uid nitric acid by pa’ssing them 
straight into the chambers. This -system is still followed in 
several English worksj and is a much more cleanly method 
than “potting” in the ovdhs built in*the burner-flue.s. * , 

The Soc. anon L. Vogel (B. P. 6846 of 190.;^; Ger. P. ifi 088) 
passes the vapours evolved in the prdinaay*nitric acid retorts 
from sodium nitrate and sidphuric acid, without condensing 
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them to liqui'd acid, into the Gay-Lussac tower, where they are 
^ absorbed and later on utilised in the Glov'er towers. Thus large 
quantities of nitril acid can be supplied to the chambers in 
a continuoiu manner, assisted by a fan interposed. The 
cylinders, where the nitric acid is evolved, arc set in the dust- 
chamber behind the^kilns and heated by the burner-gases. 

Howard ^U.S. P. 115103) interposes in the flue leading 
from the burners to the Glover tower a closed vessel, provided 
with an agitating arrangement, for decomposing the mixture 
of nitre and sulphuric acid. This mixture is first introduced 
into a second apparatus, placed above the first, also provided 
with an agitator, and runs out of this through a pipe, contain¬ 
ing a screw-carrier, which delivers it in an even manner to the 
lower apparatus, in which ultimately remains neutral sodium 
sulphate of commercial quality. 

{b) Introduction of Liquid Nitric Acid. 

Any of the apparatus for the manufacture of nitric acid 
may be employed for use in connection with acid-chambers, 
but no special precautions are in this case needed for obtaining 
the acid in a concentrated state or free from lower nitrogen 
oxides. On the contrary, any low-strength and impure acid 
obtained in the manufacture of commcrciM nitric acid may be 
turned to use in the vitriol-chambcr.s. 

It is, however, of the greatest importance for the process to 
supply the acid in an even, continuous way, and to regulate 
the supply to a nicety. 

Lunge ’ describes several methods of feeding nitric acid on 
to the Glover tower, and into the chamber, to which the reader 
is referred. 

Two or more earthenware vessels (or carboys) with several 
small-bore glass siphons form quite a satisfactory arrangement, 
each vftSsel being filled in turn, in order to compensate some¬ 
what for the variation in head of* liquid. Precautions should 
of course be taken to prevent blockage of the siphons by 
foreign substances. • 

The simplest way of ii'itroducing tne nitric acid through the 
Glover' tower is to run a suitable quantity of it into the nitrous- 
vitriol tank at the t bottom of the tower, and pump up the 
■ ■ Fourth edition, a. 709 at seq. 
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mixture in the usual manner. It is sometimes •"preferred to 
carry the nitric acid to the top of the chambers or the tower, 
and to run it into one of the lutes of the tow^r as required. 

The Society Nitrogene (Fr. P. 404071) cmplpys for the 
chambers a solution of dilute nitrous gases in concentrated 
sulphuric acitl, thus producing a mixture of nitro.syl-sulphuric 
acid and nitric acid. , . 

The storing of nitric acid on the top of the chambers or 
of the Glover tower is generally effected in large stoneware 



receivers, or else in a number of smaller stoneware jars or 
ordinary glass carboys, all of which are connected by glass 
si|)hons, so that the* running off by means of a tap-siphon 
need take place only from the last vessel of the .set (Fig. ^). 
Vessels proof against nitric acid may also be compo.scd of 
single pieces of stone joined togethe? by a cement 
made of finely-ground asbestos and a dilute solution of 
silicate of soda, kneaded into a putty and preferably 
mixed with ground sulphate of baryta.^ 

E. Pohl (Gcr. P. 30188) employs iron vessels lined - 
inside with asbestos cloth .soaked in paraffin. The 
riveting of the iron shelT is effected in the manner 
.shown in Fig. 9, so that the acid nowhere comes into* 
contact with the iron. . 

Lutgens (B. P. 6617, 1914) regulates the supply 
of nitric acid to the Gjpver tower b/ connecting the apparatus 
with the chamber therfti»mcter in «uch a way that cm the 
rise of temperature in the chamber the feeding-apparjtus is* 
automatically throttled, and on the falling^c;!* the temperature 
again opened. * 


. Fro. 9., 

• • • 
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G. P. AcLimson (Amcr. P. 846541) stores acids in bottles 
of glass, ceresin, or other suitable material, whose sides and 
bottoms are strengthened by a cylinder and plate of wire- 
gauze, embedded in the material of the bottle. The lower 
edge of the gauze cylinder has a head formed on it which 
projects below the edge of the gauze plate. 

(f) Introducing Nitre as an Aqueous Solution of 
Sodium Nitrate. 

There is yet another way of introducing the nitre. Many 
years ago several works ran their nitre as a solution in water 
into the chambers. This has long since been discontinued, 
both because all the .sodium sulphate formed gets into the 
acid, which is not allowable for many purposes, and because 
the lead always wears away very quickly at the point where 
the solution enters. This method was patented by Burnard 
(14th August 1875). The solution of nitre was to be injected 
into the chamber in a thin jet, or, better still, at once mixed 
with sulphuric acid by means of a steam-jet, exactly similar 
to Sprengel’s water-spray (vide infra). The chief object sought 
to be attained in this process was an imaginary saving of nitric 
acid, which in the decomposition of nitie by the burner-gas 
wis supposed to be reduced to N .,0 and N. As mentioned, 
infra, p. 257, no .sensible decomposition of this kind takes 
place at all; and any advantage accruing therefrom would 
be far more than counterbalanced by the difficulty of 
keeping the nitrate solution long enough in suspension to 
completely decompose it and to prevent liquid nitric acid from 
getting at the chamber-bottom. The procc.ss also takes so 
much steam that the acid in the first chamber gets too weak. 
This is certainly contradicted by the' patentees; “ but no inde¬ 
pendent favourable testimony has yet been published, and a 
skving of m't're appeals out of the question. It would, however,, 
seem feasible to run a solution \jf nitre through the Glover 
tower together with chamber-acid and nitrous vitriol, so that 
the njtre would be decomposed in* ^.le tower itself, sodium 
sulphate and nitrous vapours being formed. Of course this 
plan, as well as th^t mentioned before, is restricted to the case 
1 Chem. News, 37, 203. 
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of the sulphuric acid not being intended for sale^but employed 
for decomposing salt,* or for the manufacture of superphos¬ 
phates, etc. • 

The introduction of the nitre in the form of an aqueous 
solution of sodium nitrate is undoubtedly the simplest imagin¬ 
able plan *for supplying it to the chambers, uniting the 
advantages of both solid nitre aneV nitric acid—easy regulation, 
introduction of any quantity at a time, dispensing with all 
apparatus for introducing the nitre or manufacturing nitric 
acid, saving of labour and coals (in the case of nitric acid), 
avoiding the handling of nitric-acid carboys or of fluxed nitre- 
calvc, the latter being an article difficult to utilise to any extent. 
Unfortunately, these advantages arc counterbalanced by a 
drawback, which has induced most manufacturers who have 
tried this process to give it up : it is found that sodium 
sulphate crystallises in the towers, tanks, and connecting-pipes 
and causes obstructions. It would be necessary to have two 
Glover towers for each set, and to run the nitre solution down 
only one of these, using this acid for the salt-cake pans or for 
superphosphate only and not for the Gay-Lussac tower. This 
would be very inconvenient, and for smaller works not at all 
feasible. 

Potut (B. P. 77*10 of 1900) injects a solution of sodium 
nitrate between the Glover tower and the first chamber. 

R. Vetterlein, Schoningen (Ger. P. 303557, Feb. 26, 1916), 
claims passing the burner-gases to the^jlover tower, which arc 
made to act upon nitrate or nitrite of soda, preferably by 
spraying aqueous solutions of the salts into a tower through 
which the gases are passed. The rc.^iilting nitrous gases pass 
into the lead-chamber, whilst the non-volatile constituents of 
the salts subside in the reaction chamber, but it is advisable 
to interpose a dust-catcher to prevent solid particles entering 
the Glover tower. , ; 

Dervig (Amer. P. 850880), in lieu of the ordinary nitre- 
ovens, employs a column, plicked ,with quartz or coke, through 
which a solution of sedium nitrate Tn sulphuric acid is run ; it 
is placed either between* the pyritts-burners and the Tllover 
tower, or between this and the first lead-chamber. In Ihe first 
case, part of the hot burner-gases, jn the .stcond, the whole of 
the Glover exil-gases, are passed through this column (jvhich 
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has about one-fifth of the diameter of the Glover), in order to 
^upply the necessary heat for driving off'the nitric acid. [The 
reporter in Chem. ZAit. Rep., 1907, p. 272, justly remarks that 
this column «pdll be easily stopped up by sodium sulphate 
crystallising out.] 

II. Lemaitrc ’ deals with the subject of the use of a solution 
of nitrate of soda in the Glover, stating that the continuous 
introduction of sodium nitrate in solution through the Glover 
tower produces saturation of the acid with sodium bisulphate 
and consequent choking of pipes. Dilution of the Glover acid 
with chamber-acid to prevent saturation is rendered impracti¬ 
cable by the limited concentration capacity of the Glover. 
Alternate introduction of nitric acid and liquid sodium nitrate 
may be suitable, provided that the supply of nitrate is arrested 
before saturation is reached, this stage being determined by 
calculation or by control analysis of the bisulphatc content of 
the acid. To avoid .saturation entirely, it is preferable to 
introduce the nitre as a mi.xture of nitric acid (36° 15 ., sp. gr. 
1-33) and sodium nitrate solution. Loss of nitric acid 
resulting from imperfect working of the Glover seldom exceeds 
5-10 per cent. ; in the Gay-Lussac tower it amounts to 50-75 
per cent, of the total, but these losses may be considerably 
reduced, and the economy achieved may equal or exceed that 
attained by use of sodium nitrate. The reactions which take 
place in the Gay-Lussac towers are indicated by the author, 
and the control of the ctiamber-proccss by the use of graphs is 
advi.scd. 

According to the 50th Report of the Alkali Inspector (for 
1913), p. 133, the appliertion of a solution of nitrate of soda 
' in the form of a spray to the first chamber has answered very 
well, especially owing to the regularity and rapid adjusting of 
the feed. The drawback caused by some sodium sulphate 
di^solvii% in the chamber-acid is of no importance, if the acid 
is used for the manufacture of fertilisers. 

E. W. Kauffmann founjl the* supply of nitre to the 
chambers in this form at various French works, and applies 
this himself in those case:? where a'.slight contamination by 
sodium *iulphate is,of no consequence. 

^ Monti. Scient., *9*20, lo,* 145-157: /. Soc. Cliftn. Ind., 1920, 
p. 655A. 
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(«Q Feeding the Chhmbers ivith Nitrous Gases obtained as 
By-products. * 

# 

An ingenious process, invented by Dunlop, Ivas for many 
years carridd out by Messrs Tennant at St Rollox, and had 
become very famous, but it wa.^ not irftroduced at the new 
works at Hebburn erected by the same firm. A mixture of 
common salt, nitrate of soda, and sulphuric acid is heated in 
large iron cylinders; the principal reaction setting in is as 
follows ;— 

SH^SO^ + 2NaNO.^ + 4NaCl = 3Na,SO,, + + 4CI + 311/3 ; 

but any further deoxidation of nitric acid must be prevented 
by keeping within certain limits of temperature. Thus there 
remains a soluble residue of sodium sulphate, whilst chlorine 
and nitrous acid are given off in a gaseous state. The two 
gases are separated by passing them through a .scries of leaden 
Woulfe’s bottles filled with sulphuric acid of 1-75 sp. gr., which 
retains the nitre-gas, being converted into “ nitrous vitriol ” 
and used as such {vide infra') ; the chlorine passes through 
without absorption and is utilised for bleaching-powder. The 
a-lvantage of this process is, that chlorine is obtained direct 
from salt without making any hydrochloric acid and without 
employing peroxide of martganese. The drawbacks are :— 
that the nitre-gas has to be evolvedtagain from the nitrous 
vitriol, which at that time could only be done by diluting with 
hot water, necessitating i reconcentration of the vitriol ; that 
there is a danger of losing nitrogen compounds ; and that the 
apparatus is very complicated. This*process consequently did 
not obtain permanent success, and we abstain from giving a 
fuller description of it hare. 

In many works the nitre supply for the chaijibers is 
obtained in the manufactur,e of ferric sulphate. * This is mSde 
by treating ferrous sulphate* with nitric acid, and thus oxidising 
the ferrous salt to ferric. The fti 4 ric acid is thereby reduced 
mostly to lower oxide*s'oJ nitrogen j these gases are c<inveyed 
into the vitriol-chambers, and there do exactly the sayc duty 
as if the nitric acid had been directly* supplied to the 
chambers. Recently the manufarture of cupric sulphate from* 
metallic copper, sulphuric arid nitric acid has been intro*duced 
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at some works, the nitrous vapours beiijg led into the vitriol- 
chambers. 

f ((’) By Oxidation of Ammonia. 

During the War the Ministry of Munitions ftnind it im¬ 
perative that the strictest economy should be practised in the 
consumption of nitrate of soda in all industries ; and as the 
chamber-process required by no means inconsiderable amounts 
of oxides of nitrogen to replace losses in the nitrogen cycle, it 
claimed their serious attention. 

They therefore devised a small converter for the oxidation 
of ammonia to oxides of nitrogen, this being accomplished 
by passing a suitable mixture of air and ammonia through 
the converter. During its passage, the mixture is forced 
through two or more pieces of fine platinum gauze stretched 
close together at right angles to the gas flow ; these gauzes 
being maintained at a dull red heat by the combustion of 
the ammonia to oxides of nitrogen. 

As regards the working capacity of these converters, it 
may be taken that the efficiency of conversion is about 90 to 
95 per cent., with an output equal to 1-5 ton of nitric acid 
per square foot of single gauze per twentyTour hours. 

The converter devised by the writer consists of a cast-iron 
box with inlet at the bottom, tRrough which the mixture of 
air and ammonia enters* (Fig. 10). 

The catalyst frame a containing two or more gauzes 
made of pure platinum wire, of diameter 0-065 '^im., evenly 
woven in square mc.sh, 80 meshes per linear inch, is fixed just 
I above the said inlet. 

An outlet b is provided at the upper part of the box 
for conveying the o.xides of nitrogen to a condenser, and thence 
into thg, chamber or Glover tower flue. 

' The catalyst unit should be an ^air-tight fit in the converter 
body -in order that the ammonia •and air must pass through 
* the gauze. 

Gr«at care has to be {aken to Ifeip the platinum gauzes 
ibsolu^ely clean. They should be boiled with pure concen¬ 
trated hydrochloi'Ic acid, and rinsed in di,stilled water before 
— fixing, and should on no atcount be touched with the fingers 
or otherwise soiled. 
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The mixture of airland ammonia, filtered and purified as 
described below, in the proportion of one \jol. of ammonia to • 



Flu. 1(.. 

*' r • 

7 'S vols. of air, is passed to the base of the converter at a» 
suitable rate, i.e. approximately 6 lb. of anjmonia, or about 
1100 cub. ft. df mixture, per square inch’o'f catalyst net per . 
twenty-four hours. 
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The apparatus is started by hcafing up the gauzes by 
inserting a flame^of non-luminous gas (arsenic-free hydrogen, 
for example) through the hole c provided in the side of 
the converfcr box for this purpose, or by squirting a small 
quantity of alcohol on to the g^uze, igniting 
jl it, and ‘then turning on the ammonia and air 
l! mixture. ‘ 



■ Fio; I'l. 


New platinum gauzes may be somewhat inactive 
for a time, but can be “ activated ” by passing, at 
fairly slow rate, a mixture with an excess of oxygen, 
say I vol. N 1 Ij to i o vols. of air. 

After an hour or two the platinum becomes 
activated, and white fumes of ammonium nitrate 
and nitrite, leaving the converter (after cooling), 
change into clear red fumes of oxides of nitrogen. 

When this occurs, the ammonia is brought up 
to the ratio of i vol. NH^ to 7-5 vols. of air. 

If spots are observed on the heated gauze in 
working, and these do not rapidly disappear, the 
catalyst unit should be removed and the gauzes 
again cleaned in the manner described above. 

I'or feeding the distillation column with a 
regular supply of liquor ammonia, the burette 
principle appears to be generally adopted. The 
liquid froiTti an overhead supply gravitates to the 
burette, which is fitted with a control tap b (Fig. 11), 
attached to a finely-drawn-out tube a inserted in 
the u])per portion. 

The amount of flow is ascertained by pinching 
the rubber connection c and timing by means of the 
seconds hand of a watch or clock, the volume of 
liquid (previously marked on the burette) correspond- 
i'lig to the amount required by the chamber plant. 

It is advisable to iise connection pipes of lead 
for conveying.t*ne ammonia to the apparatus just 


described, otherwise, if iron be usgdf ‘any rust may cause a 
•blockade of the finely-drawn-out tubing. 

The filter usually provided for the ammonia liquor flowing 
to the burette sHohld also be of lead, and .fitted for easy 
access to the sponge or other media used therein. 
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The gases leaving ^the pipe at the top of the converter 
have a temperature of about 400°. They consist of nitric, 
oxide (NO), steam, nitrogen, and a slight excess of air. The 
reaction in the converter is as follows :— f 

* 4 NHj+ 50 , = 4N0 + 6H./X 

At this temperature the gase’s are still quite colourless, 
since secondary o.xidation of NO to NO,^ has not begun on 
account of the high temperature. 

The mixture of air and ammonia supplied to the apparatus 
may be produced in two different ways:— 

(1) 15 y producing air and ammonia gas separately, and 
then mixing the same in the proper proportion in a suitable 
mixing chamber. 

(2) By producing directly a mixture of air and ammonia 
gas. 

The supply of ammonia may be obtained from ordinary 
commercial liquid ammonia containing 25 per cent. NH^, 
from ordinary gas licjuor, or by the distillation of various salts 
of ammonia with an alkali. In the case of distillation of 
ammoniacal liquor it is necessary to remove the bulk of the 
sulphuretted hydrogen by any well-known means ; it is, 
however, better to start the oxitlation plant with liquid 
ammonia, which is flowing down a small column with the 
supply of air and steam entering at tlie bottom in sufficient 
quantity to reduce the ammonia content of the effluent leaving 
the column to 0-015 per Cfent. NH.,. 

Where several converters are at work, it is preferable to 
have one distillation plant with conefensers, coolers, etc., and 
to collect the ammonia gas in a gasometer ; by this arrange¬ 
ment the pressure of tho» gas is equalised and thereby more 
easily regulated. ^ 

The air supply is also of^importance, and in oAlsr to ensure 
a regular supply, a blower, oapable of giving an amount .above 
that normally required, is advisabl6,.and should be capable of 
maintaining a regular *^.-ejsure of 5«lt>. per square inch.. The 
inlet to the blower should be connected to a filter (h^ig. 1 2) 
packed with coke, shavings, pyrites in lump_form, or any other 
material of a like nature,these mediateing coated over with waste ^ 
oil, but not in sufficient quantity to clog up the interstices*. 
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In the handling and storage of amn\onia liquor in bulk, the 
•following precautio,ns should be taken :— 

(<•?) The storage reservoir should be an overhead, lead-lined, 
air-tight vcss\;l, or constructed from a boiler shell. 

(/>) The ammonia liquor should be prcferablyrdelivered to 
the sulphuric-acid works in railway tanks, these being provided 



vvith ^ilities for discharging their contents by means of com¬ 
pressed air» • , 

(c) The vent of the storage raservoir should be connected 
to a small water-fed wash-*column, which should be so con¬ 
structed that, when pressure takes ^l^ce, there is a washing 
Iffect, ^nd, when vacuum occurs, the contents of the scrubber 
are not drawn ‘jnto the store. It is only necessary to 
supply the .scrubjaer with i small amount of water from time 
to time. 
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A quantitative yield ^of nitric oxide is attainable, but in 
practice it is never obtained, for the following reasons :— 

(t) The time of contact of the air and ammonia mixture 
■ with the platinum may be too long, and the nitric otide formed 
will commcncij to dissociate according to the equation : 

2N0 = N„+0„. 

• 

This reaction may also be brought about by incorrect tempera¬ 
ture ; a dull red heat giving the most efficient results. 

(2) Part of the ammonia may escape contact with the 
catalyst. Undccomposcd ammonia present in the effluent 
gases will react with the nitrous acid formed on the condensa¬ 
tion of the nitrogen oxide w’ith water, with the liberation of 
nitrogen : 

NIl3 + HNO^ = N2-l-2H/l; 

thus, twice the amount of nitrogen present with the ammonia 
will be lost. 

(3) The ab.sorption of the oxides of nitrogen may not be 
complete. 

The gases coming from the outlet pipe of the converter can 
cither be pas.sed direct to the Glover tower, burner pipe, or 
other suitable point of, entry to the chamber plant, or they may 
be passed through a series of silica condensing coils, or of acid- 
resisting iron, where about 70 per cent, of the water produced 
in the reaction is separated. If the cooKng is performed suffi¬ 
ciently rapidly, the condensate will contain only o-i to 0’5 per 
cent, of the total oxide of iTitrogen as nitrous and nitric acid, 
and any trace of ammonia which may have escaped oxidation. 

P'or a 4-inch by 6-inch converter, thite lengths of 6 feet by 
6 inch diameter tubing is ample. 

The water separated in»this coil should be drained into a 
small receiver constructed so as to form a trap to prevent the 
burner-gases passing back to the platinum gauze,,otherwise 
the catalyst becomes poisoneck • » 

If the consumption varies in th%.working of the chamber 
plant, it may be adjus\Jd,by runnipg the converter 2C^ per 
cent, under or over the usual output without affecting the • 
efficiency greatly. • 

By maintainisg a regular supply Af air and ammonia after 
the platinum gauze has become activated there are no furfher 
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difficulties,'and the gauzes should run at least six months 
without disturbance. 

By means of an interchanger, the air-ammonia mixture was 
pre-heatedv passing, on its way to the platinum gauze, round 
tubes conveying the hot oxides of nitrogen to^,ffie chambers. 
Without a pre-heater, a four-ply gauze of 6" x 4 ' was capable 
of oxidisirig ammonia ecfaivalent to 35 cwts. of NaNO^ per 
week. Using a pre-heater, the gauze could give the equivalent 
of 50 cwts. NaNO., per week with a considerably increased 
efficiency (40 per cent, increase). 

Under the conditions prevailing in a heat - exchanger, 
experiments showed that most common metals caused the 
decomposition of ammonia to nitrogen to a certain extent, so 
that care was necessary in selecting the material of which the 
tubes were made. Silica was least active in this respect, but, 
on account of its low conductivity and the difficulty of 
making the apparatus, this material was not readily adaptable. 
Enamelled iron had been used successfully, and, later still, 
steel tubes coated with a mixture of barium sulphate and 
silicate of soda. 

The chemical control of an oxidation plant is dealt with 
very fully in an article by P. P'. P'ox.' ^ 

, P'or the determination of the ammonia in the entering gas, 
the Gumming Absorber, described by ICdwards (Bureau of 
Standards, Tcchn. Paper 34, 1914), effects complete absorption, 
and by its use it is possible to determine the ammonia without 
making a titration. A measured quantity of standard acid is 
placed in the absorber and coloured with an indicator, and the 
gas is made to bubtfle through the liquid until the colour 
change.s. The theoretical dry air-ammonia mixture should 
contain I4'33 per cent, of ammoni,a. The method of absorp¬ 
tion by means of standard alkali of the acid formed from the 
Initrogcn peroxide (.NOj) is not applicable to the exit-gas from 
the .oxidation, owing to a larg^ amount of condensed water 
from the hot gas interfaing with, die measurement of the 
volume, and al.so to the possibility ditil sufficient oxygen may 
. not be present to oxidise all the nitric oxide to nitrogen per¬ 
oxide. To obwate these difficulties, the following method is 

1 J. hid. Eng, C/iem., 1917, pp. 737-742 ; /. SiE. Chem. Iml, 1917, 
p. i'oo5. 
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suggested :—The gas is aspirated from the outlet P'P^i but 
before reaching the absorption apparatus it is mixed with a 
measured quantity of oxygen or air in sufficient quantity to 
convert all the nitric oxide into nitrogen peroj^ide. The 
mixture is drawn through two absorption vessels, the first 
of which contains standard alkali solution, and the second 
standard alkali solution containing >i per cent. oP hydrogen 
peroxide. By this arrangement, ammonium nitrate remains 
in the first vessel, where there is no hydrogen peroxide to 
oxidise it. To prevent condensation of water, the sample of 
gas should be taken through a capillary tube as close to the 
catalyst as possible. Test experiments showed that the alkaline 
I per cent, hydrogen peroxide yielded about 6 c.c. of oxygen 
in the determination, and it is therefore advisable to make a 
correction for this amount. As an alternative efficient absorbent 
agent, sulphuric acid may be used, the gases being previously 
mixed with oxygen as described above. For the determination 
of very small amounts of ammonia in the exit-gases, the best 
method is that of oxidation by means of sodium hypobromite, 
and measurement of the resulting nitrogen in a gas burette. 
The author has worked out the following formula for calculating 
the efficiency of the process ;— 


Efficiency 


\ no 
" Vii/i' 


Vno{ij/> - 1-25) 
fc + V no ’ 


where Vno is the volume of nitric oxide, is the volume of 

ammonia in the entering gas, d is the ratio of ammonia to the 
volume of the entering gas mixture, and fc is the volume of 
the residual gas collected in the aspiratc^r bottle of the testing 
apparatus, corrected as described below. If the hypobromite 
test shows that the ammonia has passed through the catalj'st 
unchanged, the equation miftt be modified as follows 


Vno + V. (V/w-rV,)(i//;-1-25) 
Efficiency = = v«n + 0.75VV+/C ’ 


where is the volume of the urfcvcidised ammonia. The 
correction to be applied to the volume of gas in the aspirator 
bottle reduced to standard pressure and temperature / is : 


/tf=/+o-5(V«(? + Vj)-V(7.r, ^ * 

where Vox represents the volume of oxygen added. 
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B. Neu^iann and H. Rose' give an extensive survey of the 
numerous processes and researches in* connection with catalytic 
oxidation of aidmonia, and contribute some results of their 
own investigations. Special attention has been directed to the 
influence of the ammonia concentration, the velocity of the gas 
stream, and the teinperature. 

The highest yields are obtainable with platinum at 500“ (96 
per cent.). From curves plotted to show the gas composition 
at approximately 300-700° with the various catalysts, it is 
apparent that, under fixed conditions, the oxidation will proceed 
continuously without extraneous heat. With platinum gauze 
of 300 meshes per sq. cm. as catalyst, the best yield (96 per 
cent.) was obtained with a velocity of gas current of 20 litres 
per hour, and the yield was not greatly affected by increase of 
the ammonia concentration from about 3 to 9 per cent, by 
volume. 

Another very interesting paper is given by G, A. Perley.^ 
The starting and stability phenomena of the same subject are 
dealt with by F. G. Liljenroth.s 

In the 56th Annual Report, p. 17, and the 57th, p. 17, it 
is stated that the ammonia oxidation method appears to be 
definitely established, and its use extending. In one or two 
qases difficulty was found in obtaining the best results, and 
in maintaining at a maximum the efficiency of the catalytic 
material. j. 

This process has now replaced “ potting ” at all the works 
of the United Alkali Co., and there has been a saving of 30 to 
40 per cent, in the cost of materials.'' 

In coming to a diecision regarding the introduction of an 
o.xjdation unit in lieu of “potting,” the question naturally 
arises, what advantage will accrue from such procedure ? 

Of course the first point is the relative price of ammonia 
iand*Tiitrate of soda plus the acid used for decomposing the 
lattpr, also the wear and tear of the apparatus and flues. 

Then regarding the ^supervision—the oxidation process, 
being a continuous one, requires att|fsition from time to time, 

' Z. angew. C/iem., 1920,'33, 41-44, 45-48, 51-55 ; J. Soc. Chem. Ind., 
1920,* p. 264.^. 

Chem. and Mel. Jing., 1920, pp. 125-129. 

* Ibid.y 1918, .19, 287-293'; J. Chem. Soc., 1919, % 23. 

Chem. Trade /., 1922, 70, 113. 
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and it cannot be worked at very low outpfit with ffill 
efficiency. • 

In large works there is usually chemical*supervision avail¬ 
able ; or the tower man could give the necessa^ attention. 
But in small works, where the burner man is the sole attendant, 
one can haftlly recommend the introduction of such an 
apparatus. , 

An interesting paper on the subject of ammonia oxidation 
is given by C. Cooper {Chem. Age, 1922 , p. 826 ) with graphs 
showing the relative costs of the nitrate of soda and ammonia 
oxidation systems. 




RAW MATERIALS^ AND MANUFACTURE 

OF 

Sulphuric Acid and 
Sulphur Dioxide 

• 

INTRODUCTION 

It can be truly said that the manufacture of acids and alkali 
is the foundation upon which the whole chemical industry of 
our times is built up, and that this industry cannot be much 
developed in any country not possessing a flourishing alkali 
trade unless it is specially well situated for buying these 
products, it i.» thus evident how great is the injportance of 
the alkali trade in its wider meaning to the civilisation of 
mankind, though we should gertainly be going top far if we 
measu*red, as .some have done, the civilisation of a country by 
the development of this special industry. ^ 

The manufacture, of sulphufic acid is a very large and im- 
portaijj: industry. Enormous quantities oi it are required for 
the^n^ufacture of artificial ma*ures (fertilisers), and theriybre 
every larg# manure factory makes its own sulphuric acid. 
This is done also by the largest fblphate-of-ammonia work's, 
petrolSum refiners, coke oven works, Acpjosives factories, 
and in a few other cases. ^ Sqme wo?^s»,in Engfa'nd, and 
many on the Contin(flit, make eulphuric acid to a great' 
extent, or even entirely, *not f<»r tfieir own use, but for sale. 
Since this a«id *s ne lor%er sent out in any considerable 
quantity i® glass c:#tjpys, but i|i iron Jtankswaggons, it can be 
carried to considerable^istarices a 4 moderate cost. ’ , , 

As sulphuric acid is mostly m^de Ifrqm pyrites, its mahu-’ 
“ ‘ ‘ • JB 



, OTRdDUCTION 

acture is,'Intimately con^iected with the recovery of copper 
^rom the cinderS^in which process silver, zirK:,*jnd othet by¬ 
products are obtained, ^leaving the iion as ^ferric oxide to be 
subsequently conv'erted 'into iron. 

A large quantity of sulphuric acid is used for the manu¬ 
facture of sulphate of soda {salt-cake) and sulflMec of potash, 
in wliich hydrochlorfc acitl is a necessary by-product. The 
electrolytical method for the manufacture of soda caustic has 
practically replaced the Leblanc process, and the demand 
for suli)huiic acid- in this direction is consequently reduced 
proportionately. 

Other ^Icmands for sulphuric acid arc, however, springing 
up, such as in the extraction of grease from town sewage, 
the sulphonation of tar products for the preparation of “ inter¬ 
mediates,” and the like, > .so that we need not fear any 
'immediate falling.off in the demand for sulphuric acid. 
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HISTORICAL AND GENERAL NOTES ON THE MANUFACTURE 
OF SULPHURIC ACID 

History of the Mamifacture of Sulphuric Acfd. • *• 

According to Rodwcll {Birth of Chemistry') it*is very probable 
that sulphuric acid was already krfown to the ancients ; but 
usually its first, although indistinct, mention Is ascribed to the 
Arab Geber, who speaks of the “ spirit ” which can be expelled 
from alum and which possesses solvent powers. Geber is, 
however, a mythical personage, and many of his alleged 
numerous discoveries have wrongfully crQpt into the Latin 
“ translations ” of his pretended writings, as proved by Berthelot 
and Steinschneider,' who show that sulphuric aoid was un¬ 
known to the Arabian writers about A.D. 975 . Others give 
the hoj^iour of its discovery to the Persian alchemist Abu- 
Bekr-Alrhases, who is said to Save died in 940. Vincentius de 
Beauvais (about 1250) alludes to it; and Albertus Magnus 
(• 193“'280) speaks of a spiritifs vitrioli Romani, v^iich can 
only have been sulphuric acid ; his “ sulpljur philosophorum ” 
is the%ame thing. • 

B 5 S 1 Valentine, who probably live^ in the second *half 
of the fifteenth century, in his Revelation of the Hidd^ 
Manipulations, cltarly described its prepamtion from calcined 
copperas and silica, and, yr hij TriumpHi^l Car of jPpntimony, 
its preparation by burjiing ^ulpTiijr with s^tpetre* “ but he. 
took the two to be differont substance^. ? * 

Gerhard Dormaus (i^S7o).described its properties accurately; 
Libavius«p 595 ) r^pognised the identity of the acids/rom 
different piocssses of^preparafion; tliE was «loi»e .also 1 ^ 

' Cf Lippmann, Z. ang*w. 1901, p. 646. 

% Kopp, GeschicIUe der Chemie, 3, 1^403* 
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Angelus Sala (1613), wKo pointed out the {a^.% which hftid 
sunk into obliviok since Basilius, th^it sulphuric acid can be 
obtained by burnipg sulphur in noist vessels (of course with 
access of air); after that time it was prepared by the apothe¬ 
caries in this way. An essential improvement, iJjje addition of 
a little saltpetre, was introduced in 1666 by Nicolasde Ffevre 
and Nicolas Lemery. This startetl* a sort of manufacture of 
vitriol which is said to have been introduced into England by 
Cornelius Drebbcl ; a quack doctor of the name of Ward first 
carried on sulphuric-acid making, on what was then a large 
scale, at Richmond, near London, probably a little before 1740. 
Ward employed large glass vessels up to 66 gallons capacity, 
which stood in two rows in a sand-bath, and which were 
provided with horizontally projecting necks ; at the bottom 
.they contained a little water. In each neck there was placed 
an earthenware pot, and on this a small red-hot iron dish, into 
which a mixture of one part saltpetre and eight parts of 
brimstone was put. The neck of the bottle was then closed 
with a wooden plug until the combustion was finished. Fresh 
air was allowed ti» enter the vessel, and the operation was 
repeated till the acid had become strong enough to pay for 
concentrating in glass retorts. 

Ward called the product “ oil of vitriof made by the 
bell (already Basil Valentine had used the expressiojp “ per 
campanam ” in this sense), in orSer to distinguish the spirit of 
vitriol made from brimstone from that distilled from sulphate 
of iron, the latter having tiean already before Ward’s time 
made on a kind of jnanufacturing scale in England. Ward’s 
. proqp.ss, trouble.somc as it was, i^ducec^the price of the aciS from 
2s. 6d. per oz. (the price of the acid from coppcips df "Tfom 
biirning brimstone under atmoist glass jarj to 2s. per lb. 

An extrerftely irftportant improvement in "this process was 
the intrdlhiction opW kati chambers, which by general consent 
^3 ascribed to Roebuck of Jlirmi^ghan*,' who in 1746 erected 
such a cffambei* 6 (t. jqaare„ and ^n 1749, in partnership 
with Mr Gatbett, built a facto»y wj,th lead chambers at 
Prestpnpans in Scotjand, in order to suppljr acid for Weaching 
li9en. Tha ntixture o^*briipsfone anc^^alt^trt: in* the pro- 
^orlibn employed b/V^rd'waj put into small iron waggons 
« •' Gut(*naij*| /. Sac. Ghent. Ind., 1901, p. f. » • • 
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which were fiyi into the chamber cm a railway: fhe chamber 
was* closed, ‘antt the process carried on/intermittently ift 
this way. • • ^ * 

Sson bther wc»rks followed at Bridgnorth, and at Dowles 
in Worceste^’^hire, where the chambers were* made lo ft. 
square ;»Tn 1772 a factory was erected in London with 71 
cylindrical lead chambers, ^ch 6 ft. in diameter and 6 ft. high.-* 
In 1797 there were already six or eight worses in Glasgow 
alone. In Radcliffe there were six chambers 12 ft. long, 10 ft. 
wide, and 10 ft. high, with roofs like thoSe of cottages, and 
valves which were opened between each operation ; on their 
bottom there was 8 or 9 in. of water; every four hgur^a 
mixture of i lb. saltpetre and 7 lb. brimstone was burned in 
each chamber on iron shelves, of which each chamber contained 
four, 4 in. distant one from anotheL The shelves were made 
of very thin iron, in order to obtain quick heating, and rested 
on iron frames, by means of which they could be slid in and 
out; a quarter of an hour before each operation, the valves 
and doors were opened in order to allow air to enter. In six 
weeks the strength of the acid attained oqjy i'250 sp. gr.; it 
was then run off and concentrated up to 1-375 sp. gr., in which 
-State it was used and sold. At I’restonpans, in 1800, a yield 
of only 11 I per cent, on the sulphur was attained^ with a 
consujjiption of 13 per cent, saltpetre on the brimstorfe; in 
1813 there were in that plaA 108 chambers of 1*4 ft. length, 
10 ft. height, and 4 ft. width. In 1S05 there was at 
Burntisland a factory with 369 ctiambers of a capadfty of 192 
cub. ft. each. ' ^ 

Hff Forbes Carpenter and^W. F. Keid also give ,sordfe^ 
intWRting* notes on the early manufacture of sulphuric* acid 
{/oc. Cl/.). The former mention^ acid-chambers erected^in 
Cornwall from dressed granite, with lead top and bottom. 

In the meantime, th(^ firsj lead cfi»jnb<?r in Rnance had 
been erected at Rouer^by Ifclk'er^in 1766.* In 1^74, in thqj: 
place, on the advice of lie la Folli«, an important iiflprovement 
was introduced, viz. the intipduction of steam in^o the chambers 
during the combustion of brimstone. In 1793 Clement and 
D(Ssormes •shBwed tfl^t the aJid^-chafnberC could Jae, fed b^ a' 
continuous current of air, By^wliich ^ great deal ^f sak^etne 
coiyd ^e ^ved. They showed that the^xic^tion of sulphurous 
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acid takes-place t(j the extent of nine-tenths at^he expense’ol 
Atmospheric oxyg;n, and that the saltoetre plkys'only the'part 
of iricermediary betweei^the air /jnd the sulphurous acid, lly 
this demonstration, the essential part of tJie modern theory 
of sulphuric acid manufacture was established ; Jjut it took a 
remarkably long time before the difficulties were'*»vercome 
■■which stood in the .vay of introdi;''.ing the continuous system 
into practice.Usually the introduction of the continuous 
burning of brimstone is ascribed to Jean Ilolker (a grandson 
of the first Holker), in i8io; but, according to Mactear, a 
continuous system had been introduced at St Kollo.x, at least 
partially, by 1807; steam was fir.st introduced there in 1813 
or 1814. 

Kestner, of Thann in Alsace, was the first to collect the 
products of condensation at the chamber-sides in order to 
regulate the workiiig of the chambers thereby. This innovation 
was at once considered of such importance that Kestner was 
called to Glasgow in order to introduce his plan into Tennant’s 
works. 

Gay-Lussac’s apparatus for condensing the oxides of nitrogen 
escaping from the chambers was invented in 1827 ; at Chauny 
this apparatus was erected in 1842, at Glasgow in i 844. But 
we have now come so near the present time that we may 
conclude the historical part of our task. ^ 

General Principles of the Manufacture of Sulphuric Acid. 

t 

Sulphuric acid can be obtained on a large scale in two ways 
—vif either by burning sulphur or sulphides into sidphur 
dioxfde and further o.kidising the latter, or by dgeompUSing 
natural or artificially prepai^d sulphates. 

By the combustion of sulphur, cither fre? (as* brimstone^ gas- 
sulphur, eta.) or comby ed with r^ctals^or with hydrogen, sulphur 
fioxide (SOjJ is alvifays formed at first. ^Sulphuretted hydrogen, 
even when'^mixed'. with as much as 75. per cent, of inert gases 
(carbon dioxide, nitro'gen'), can be, lighted like coal-gas and 
continues burning without any difficulty, acyieous vapsur being 
‘ formed atjtlje sjime time ‘as SOj. Brimstane tgrktef 'in the air 
?t*a'-.temptfrature belcw*j3oa ; an‘d when once it has kegun 
to burn, the jicat generated raises the whole of the^sul^hiy: to 
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the point of, ignition, provided that# sufficie^ht air present. 
A nftmber of. ntetallic sulphides behave sinj-ilarly; the mosJ 
important of these for our purpose 1^5 iron disulphide, FeS^ 
(pyrites); *but herc^spedal precautions raust'be taken, so that 
the whole mass may be completely burned (roasted). In both 
case.s, b^Rles sulphur dioxide, SO^, a little trioxidc (sulphuric 
' anhydride), SOj, is alway^ formed^ and,,in the presence of.' 
water or steam, also sulphuric acid, H^SO^, more or less diluted 
with water. Moreover, an aqueous solution of sulphurous acid 
in contact with air gradually changes into sulphuric acid. In 
both cases it is, of course, the oxygen of the air which converts 
the SO2 into SO3 or H^SO^; but this reaction at t^e ordinjwj' 
or only moderately elevated temperature goes on far too slowly 
to be applicable for technical purposes. , 

There are two ways of increasing the velocity of the 
oxidation of sulphur dioxide. One of these, which is principally 
applicable to dry gases and therefore leads to the preparation 
of sulphur trioxide in the anhydrous state, is the employment 
of catalytic or contact substances. 

The .second way, which is exclusively applicable to the 
production of real sulphuric acid, H^SO^, is founded on the 
property of the acids of nitrogen to .serve as carriers of oxygen 
from atmosphei’ic air upon sulphur dio.xide and water, the 
original nitrogen oxide being always reformed. This* process 
will be explained in detail wMen we treat of the th'bory of the 
formation of sulphuric acid ; it is commonly called the lead- 
chamber process. 

The reaction betrv^een nitrogen acids and sulphur dioxide’ 
goes •n only in the presence of water ; and, in practice, much 
moff^/ater,is needed than suffieVs for tire formation of ; * 

the sulphuric acid formed is therefore always dilute, and must 
be concentrated for nTany purposes. “ 

For some purposes, the^acid^must also be deprived, af certain 
foreign substances whjfh get into it from^the ra%' materials 
and the apparatus ; and i * thesg cases tl\« acid»has to be 
purified. 



